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Containing  every  thing  most  curious  m  phUosophy 
in  general^  and  in  its  various  branches. 

Jrl  AVING  cone  through  the  different  parts  of 
the  mathematics,  and  of  the  sciences  or  arts 
comprehended  under  that  head,  we  now  enter 
the  neld  of  philosophy,  which  presents  as  many 
objects  worthy  of  exciting  our  curiosity  as  the 
mathematics;  or,  rather,  which  is  indeed  still 
more  fertile  in  that  respect,  and  affording  matter 
still  better  adapted  to  the  comprehension  of  the 
generality  of  readers.  This  matter  is  even  so 
abundant^  that  we  can  scarcely  establish  divisions 
in  it;  so  that  this  part  of  our  work  will  be. a 
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kind  of  a  miscellany,  without  much  order,  of 
every  thing  that  belongs  to  philosophy  in  gene- 
ral. We  shall  successively  review  in  it,  the 
principal  propefttes  of  bodies;  tlie  inventions, 
whether  useful  or  anmsing,  to  which  these  pro-» 
pertics  have  given  birth  ;  various  questions  re- 
lating to  the  system  ôï  the  world,  to  meteors, 
and  the  origin  of  springs,  with  other  objects, 
which  it  would  be  too  tedious  to  en^finerate. 
But  before  we  enter  this  vast  field,  it  is  necessary 
that  we  should  establish  some  general  principles, 
which  we  slwtll  do  in  fliè  fbllowing  account  of 
what  philosophers  have  called  tlie  four  elements^ 
viz,  fire^  air,  water,  and  earth. 

PRELIMINAEY  DISCOURSE, 

On  rke  "Elements  of  Eddies, 

In  analyzing  any  material,  when  we  have 
arrived  at  its  last  component  parts,  and  cannot 
decompose  them  farther,  we  ought  t^  regard 
them  as  its  elements.  Now  every  one  knows 
that  all  or  most  bodies»  submitted  to  analysis, 
fiimish  a  fixed  matter  ;  also  something  that  is  in-» 
fl&mmable  ;  an  invisible  fluid,  which  manifests  it* 
self  only  by  its  esapansibility  and  its  rpsistance; 
and  lastly  another  which  heat  raises  into  vapours/ 
and  which  afterward  reunites  under  a  visible 
form.  These  four  component  parts  have  been 
named  earthy  fire,  j/r,,and  water.  These  enter 
into  the  composition  of  most  bodres  ;  but  cannot 
themselves  be  decomposed.  They  ou^ht  there-^ 
fore  to  be  considered  as  the  elements  ot  all  other 
l}odies  ;  wliich  justifies  the  common  denomina- 
tion, \)rhich  has  been  established  almost  from  the 
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first  dawn  of  philosophy,  aCcortling  to  which 
there  are  in  nature  the  four  elements,  fire,  air^^ 
water,  and  earth. 

§  I.  Ofjire,  bath  eUmentaty  and  material. 

«  * 

What  is  fire  ?  This  is  perhaps'  one  of  the  most 
obscure  questions  in  philosophy,  '  and  the  least 
susceptible  of  a  satisfactory  answer.  iThe  most 
probable  account  however,  which  its  known  pro- 
perties enable  us  to  give,  is  tlie  following; 

Fire  is  a  fluid  universally  diffused  throughout 
nature;  which  penetrates  all  bodies  with  more 
or  less  facility  ;  is  susceptible  of  being  accuniu- 
lated  in  some  of  them,  and  tim  aecumulation 
produces,  in  regard  to  us,  that  sensation  which 
we  call  lieat.  When  this  accumulation  is  carried 
to  a  higher  degiee,  it  produces  inflammation  and 
combustion,  which  are  always  accompanied  with 
light.  In  every  state>  this  fluid  dilates  bodies 
in  proportion  to  the  greater  or  less  quantity  (rf 
it  present  ;  and  it  at  length  separates  their  parts, 
which  we  call  fusing,  burning,  calctning. 

That  fire  is  a  fluid,  there  can  be  no  reason  -to 
doubt:  for  if  it  were  not,  how  could  it  be  dif- 
fused throughout  the  atmosphere,  and  through- 
out water,  without  forming  an  obstacle  to  the 
motion  of  bodies?  How  could  it  penetrate  the 
densest  and  most  compact  bodies,  such  for  ex* 
ample  as  metals? 

Nay,  fire  is  not  only  a  fluid,  but  it  is  even 
the  principle  of  all  fluidity  :  without  its  influence, 
all  the  fluids,  with  which  we  arc  acquainted, 
would  be  reduced  to  masses  absolutely  solid. 
Metals  become   fixed   at  a  de^preeof  heat  fifr 
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superior  to  that  of  boiling  water.  Water  loses 
its  fluidity  as  soon  as  the  heat  or  Quantity  of  fir« 
has  been  diminished  to  a  certain  degree.  Spirit 
of  wine,  and  even  mercury,  are  congealed  by 
the  progressive  diminution  of  heat  There  is  a 
degree  of  cold,  or  privation  of  heat,  perhaps, 
which  would  convert  air  into  a  fluid  like  water, 
and  eVen  into  a  solid  body  ;  but  we  arc  at  a  pro- 
digious distance  from  that  term. 

Fire  penetrates  all  bodies  with  more  or  less  foci- 
lity.  This  follows  from  the  communication  of 
heat  from  a  hot  to  a  cold  body.  It  is  with 
greater  or  less,  a  moderate  facihty,  and  not  with 
extreme  facility,  that  beat  is  communicated  :  for 
it  is  well  known,  that  this  communication  is  not 
instantaneous:  if  the  point  of  a  pretty  long 
needje  be  presented  tq  the  flame  of  a  taper,  both 
its  ends  do  not  become  equally  hot  at  the  same 
time.  One  body  receives  this  heat  more  readily 
than  another  ;  or,  as  we  may  say,  has  a  greater 
affinity  for  heat. 

The  accumulation  of  the  igneous  fluid  produces 
on  our  bodies  that  sensation  which  tve  call  heat. 
This  requires  no  proof;  but  the  sensation  is  only 
relative.  As  long  as  the  palm  of  the  hand,  for 
instance,  is  hotter  than  the  body  with  which  it 
^  in  contact^  the  latter  seems  to  us  cold  ;  but  it 
will,  on  the  contrary,  seem  warm,  if  the  hand  be 
colder,  or  contains  less  of  the  igneous  fluid  ;  or 
if  that  fluid  tends  to  pass  gradually,  as  it  does, 
from  that  body  into  the  hand.  Every  person 
almost  is  acquainted  with  the  following  experi*- 
ment  :  heat  one  hand  in  a  very  high  degree,  and 
cool  the  other  almost  to  the  temperature  of  ice  ; 
if  you  then  imuierse  both  of  them  into  tepid 
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Heater,  thé  one  will  explferiencc  a  sensation  of 
coldy  and  the  other  of  heat. 

This  accumulation^  carried  to  a  considerable  de- 
greCj  produces  mflammatio^i^  always  accompanied 
with  light.  It  results  from  some  experiments 
made  by  BufFon,  that  iron  exposed,  without 
feeing  in  contact^  to  the  action  of  another  body 
in  a  state  of  inflammation,  becomes  itself  in- 
flamed and  red.  But  an  ignited  body  is  nothing 
else  than  a  body  in  which  the  igneous  fluid  is 
accumulated  to  such  a  degree  as  to  become 
luminous.  All  light  indeed  is  not  accompanied 
with  heat;  but  all  heat,  carried  to  a  ceitaiu 
degree,  produces  light. 

Has  fire  weight?  It  appears  to  us  tliat  there 
can  be  no  doubt  that  fire  is  heavy  :  it  is  matter, 
since  it  acts  upon  matter  ;  and  therefore  it  must 
possess  weight.  But  the  question  is,  to  know 
-whether  this  weight  is  perceptible,  and  can  be 
indicated  by  the  instruments  which  we  employ. 
S'Gravesande  and  Muschenbroeck  made  some 
experiments  on  this  subject  ;  but  they  found  no 
difference  between  masses  of  ignited  iron,  or  iron 
penetrated  with  fire,  and  the  same  masses  when 
cold.  They  however  concluded  from  them,  that 
as  ignited  iron,  which  by  its  increasing  in  volume 
ought  to  weigh  somewhat  less'  in  air,  weighed 
the  same  in  that  state  as  when  cold,  this  equa- 
lity must  have  arisen  from  the  addition  of  the 
weight  of  the  fire  present  in  it.  But  their  ex- 
periments were  not  made  with  the  necessary 
degree  of  care. 

Buffon,  who,  by  means  of  the  forges  belong» 
ing  to  him,  was  enabled  to  make  a  much  greater 
number  of  experiments,   and  on  a  larger  scale^ 


$  OF  FIRE. 

always  found  that  pieces  of  forged  irorr,  brought 
to  a  state  of  ignition,  weighed  a  little  more, 
than  when  cold;  and  he  fixed  the  diminution 
at  a  6ooth  part  ot*  the  weight  of  the  ignited 
body.  But  it  must  be  allowed^  and  3uf}on  was 
sensible  of  it  himself,  that  this  experiment  couldi 
not  be  decisive  :  for  he  has  shewn,  tliat  irou 
kept  for  somç  time  at  a  red  heat,  continually 
loses  a  part  of  its  weight,  because  it  gradually 
burns  ;  on  this  account  be  made  further  experi- 
ments on  a  substaixce  very  common  in  furnaces, 
namely  slag.  He  first  assured  himself  that  slag 
retains  its  weight,  or  looses  only  an  insensible 
portion  of  it,  in  consequence  of  being  heated 
and  cooled  again.  He  then  weighed  some  of 
this  slag  cold,  by  a  very  delicate  balance  ;  he 
next  brought  it  to  a  white  heat,  and  then  weighed 
it  a  second,  and  a  third  time  after  it  had  cooled. 
Five  experiments  of  this  kincl  always  gave  an 
excess  of  weight  in  the  ignited  slag,  above  that 
which  it  had  when  cold,  both  before  and  after. 
This  difference  amounted  to  a  580th  or  a  6ootli 
part  of  that  of  the  piece  of  slag. 

But  it  may  be  said,  if  this  be  the  case,  fire  is 
heavier  than  air;  for  the  specific  gravity  of  slag 
is  to  that  of  water,  as  2 1-  to  i  ;  therefore  this 
gravity  is  to  that  of  air  as  2125  to  1.  But  the 
fire  contained  in  a  piece  of  ignited  slag,  is  about 
a  6ooth  part  of  its  weight  ;  consequently  it  is  to 
the  weight  of  an  equal  volume  of  air,  as  34.  to  i, 
which  is  not  credible.  So  great  is  the  tenuity  of 
fire,  that  we  can  hardly  allow  ourselves  to  think 
that  its  specific  gravity  approaches  even  near  to 
that  of  air. 

But  it  must  be  observed^  that  in  an  ignited 
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mass,  brought  to  a  white  heat,  a  large  qiiantity 
of  fire  is  accumulated  :  the  weight  therefore  of 
£re,  in  its  ordinary  state,  and  in  bodies  heated  to 
the  mean  temperature  of  our  atmosphere,  may  be 
utterly  insensible  ;  but  when  five  or  six  liondred 
times,  or  more  than  that  quantity,  has  been  ac- 
cumulated, and  to  such  a  degree  as  to  produce 
ignition,  its  gravity  may  then  become  senbible. 
lict  us  sup|)o§e,  for  example,  that  the  fire  dit**- 
fused  througliout  air,  heated  to  i  degree  of  the 
-thermometer,  weighs  only  the  300th  part  of  the 
weight  of  that  air  ;  when  five  or  six  liundred 
.parts  more  have  been  introduced  into  it,  to  pro- 
duce ignition,  its  weight  may  then  equal,  and 
even  surpass,  the  weight  of  such  air  as  we 
breathe.  We  do  not  know  whether  this  would 
have  been  Buftbn's  auswer;  but  such,  in  our 
opinion,  is  thîit  which  might  be  given. 

Tliose  persons  howevcç  are  mistaken,  who  con- 
sider the  increase  of  weight  which  metals  ac- 
quire by  calcination,  as  a  proof  of  the  heaviness 
of  fire,  which  by  this  operation  they  suppose  to 
beccmie  fixed,  and  in  some  measure  solidifkd 
along  with  the  metaUic  calces.  It  is  now  known 
that  fire  has  no  part  in  this  augmentation  of 
weight. 

Fire  dilates  bodies  :  by  dilathig  them,  it  separates 
their  constitue  fit  parts,  and  at  length  liqai/ies  thetiK 
This  phenomenon,  in  regard  to  the  effect,  is  well 
•known.  That  fire  dilates  bodies,  is  well  known, 
as  will  be  shewn  hereafter  by  means  of  a  very  in- 
genious machine,  which  serves  to  determine  the 
degree  and  ratio  of  this  dilatation.  But  iPt 
cannot  produce  thisxîflPcct  without  separating  the 
çoiistitueat  parts  of  these  bodies  ;  and  thi$  is  the 
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mechanism  by  which  it  is  afterwards  able  ta 
liquify,  and  even  to  volatilize  them  ;  for  the  so- 
lidity of  a  body  is  the  effect  of  the  mutual  adhe- 
skm  of  its  constituent  parts  ;  an  adhesion  which^ 
in  all  probability,  is  produced  by  the  contact  of 
these  moleculae  in  large  surfaces.  But  when 
fire,  introduced  between  them,,  produces  a  sepa- 
ration, and  causes  them  scarcely  to  touch  each 
other,  the  body  has  then  attained  to  such  an  ex- 
treme degree  of  fluidity,  as  to  be  volatilized. 

TIksc  particles,  having  no  longer  any  adhe- 
siion^  can  l^e  carried  away  by  the  least  effort, 
such  as  that  of  heat,  which  continually  exercises 
an  action  to  extend  itself  in  every  direction. 

There  are  some  bodies  however,  which  fire  at 
first  tends  to  contract  :  but  this  is  because  they 
contain  principles  which  the  fire  dissipates  :  of 
this  kind  is  clay,  which  at  firet  shrinks  in  the 
fire  ;  but,  if  exposed  t^  a  greater  degree  of  heat^ 
it  dilates^  liquifies,  and  is  changed  into  glass. 

S  II.  OfJir. 

Air  is  an  elastic,  heavy  fluid,  susceptible  of 
.compression  ;  which  expands  by  heat,  and  con- 
tracts by  cold.  It  is  necessary  for  maintaining 
life  to  all  the  animals  with  wliich  we  are  ac- 
quainted ;  it  becomes  charged  with,  and  com- 
bines with,  water,  as  water  combines  with  it. 
Such  are  the  principal  properties  of  air,  of  which 
we  shall  here  give  a  general  view,  and  which  we 
shall  prove  hereafter  by  some  curious  experi- 
ments. 

Air  is  a  keaxy  fluid.     To  discover  this  pro 
perty  .in  air,  and  to  prove  its  existence,  requires 
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only  a  slight  knowledge  of  philosophy.     It  may 
be  demonstrated  by  a  very  simple  experiment* 
Take  a  glass  globe,  6  inches  in  diameter^  fur- 
nished with  a  tube  that  can  be  opened  and  shut 
by   a  stop-cock  ;    exhaust  it  of  air  by  raea'^s 
OÏ   a  pneumatic  machine^    and    then  shut  it, 
so  as  to  exclude  the  external  air;   weigh   the 
globe    thus    exhausted    of  air  by  a  very  nice 
lialance;  if  you  then  admit  the  external  air,  by 
turning  the  cock,  the  equilibrium  will  be  imme- 
diately destroyed,  and  that  end  of  the'  balance 
which  supports  the  globe  will  preponderate.  For 
a  globe  of  the  size  above  mentioned,  45  or  50 
grains  must  be  added  to  the  weight,  to  restore 
the  equilibrium. 

Air  is  an  elastic  fluid.  This  may  be  proved  by 
the  following  very  simple  experiment.  Intro- 
duce air  into  a  bladder,  but  in  such  a  manner  as 
not  entirely  to  fill  if.  If  the  bladder  be  then 
carried,  in  that  state,  to  the  summit  of  a  moun- 
tain, it  will  be  more  and  more  distended  ;  and  by 
carrying  it  to  the  top  of  a'  very  high  mountain, 
such  as  the  Cordilleras  of  Peru,  it  might  be  made 
to  distend  so  much  as  to  burst. 

The  same  effect  will  be  produced  if  the  bladder 
be  placed  under  the  receiver  of  an  air  pump. 
For  if  the  receiver  be  then  exhausted  of  air, 
on  the  first  stroke  of  the  piston  the  bladder  will 
swell  out,  even  if  it  contains  only  an  inch  of  air; 
and  when  the  external  air  is  suffered  to  re-enter 
the  receiver,  it  will  resume  its  former  state. 

There  can  be  no  doubt  that  this  efî'ect  is  pro- 
duced by  the  elastic  force  of  the  air  ;    which, 
when  the  pressure  of  the  external  air  is  removed, 
increases  m  volume;  and  whcii  the  pressure  ia 
vox-  w.  Q 


festered,  it  assumes  its  former  state.  Jt  is  like  jit 
spring,  more  or  less  compressed  by  a  weight,  and 
>¥K!ch  extends  itself  in  a  greatjer  or  less  degree  as 
the  weight  is  heavier  or  lighter. 

Air  is  a  jUii4  susceptible  of  coinpression.  This  is  a 
consequence  of  it^  elasticity.  It  is  proved,  by 
experience,  that  a  double  weight  compresses  it 
in  such  a  manner  as  to  occupy  only  one  half  of 
Its  former  volume;  a  quadruple  yreight reduce^ 
it  to  a  fourth  part  of  that  volume^  and  so  on.  So 
that  it  may  be  said  in  general  that  the  same 
mass  of  air,  the .  temperature  reniaining  the 
tzme,  occupies  a  vojume  which  is  ii)  the  inyersjs 
ratio  of  the  compressing  weighty 

Air  expands  by  heat,  and  contracts  by  cold. 
This  property  of  air  may  be  proved  alçp  by  a 
very  simple  experiment  In  an  apartmept^ 
brought  to  a  mean  degree  of  heat,  introduce 
air  into  a  bladder,  but  in  $uch  a  manner  as  not 
entirely  to  fill  it.  If  it  be  then  brought  near 
the  fire,  so  as  to  be  exposed  to  a  degree  of  Jieat 
ffreafer  than  the  mean  temperature,  we  see  the 
bladder  distend,  and  ^occupy  a  larger  volume. 
By  exposing  |t  to  colder  air,  a  contrary  effect  i^ 
produced. 

Air  is  nece^ary  for  unqintaining  animal  life. 
This  truth  is  well  known.  It  may  be  proved  \r\, 
the  most  evident  mannet,  by  shutting  up  animals 
\n  the  receiver  of  an  air  pump  :  for  as  soon  as 
you  begin  to  jcxhaust  it  of  air,  the  animals  shew 
every  sign  of  uneasiness  ;  they  pant  for  breath, 
aujd  at  length  expire,  when  only  a  small  quantity 
of  air  remains.  If  the  air  be  gradually  re-ad- 
mitted before  they  are  quite  dead^  they  recover 
Jife  and  motion. 
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.  Air  ieçome^  çffarged  with  water,  and  combines 
^ith  it  ;  as  water ^    on  the  other  hand,   becomes 
charged  atul  combines  with  air.    Tlie  first  part  of 
tBis  propq3itiou  is  sufficiently  proved  by  ^cts, 
^with   which  every  one  is  acquainted.      Air   is 
sometimes  more  and  sometimes  less  humid.     Aix; 
charged  with    moisture    deposits  it  in  certain, 
bodies^  capable  of  attracting  and  absorbing  it  ia 
a  great  degree  ;  such  as  salt  of  tartar^   which 
becomes  so  much  impregnated  with  it,  tljat  it 
resolves     itself   into   a    liquid,    merely  by  the 
contact  of  common  air,   though   it  has    been 
dried  by  a  violent  heat.     It  is  water,  disengaged 
from  the  air  with  which  it  was  combined,  that 
occasions  the  moisture  which  deposits  itself  on 
stones,  marble,  &c,  and  during  weather  distin- 
guished by  the  appellation  of  damp.  The  contact 
of  the  air  alone  gradually  diminishes  the  wateç 
contained  in  any  vessel,  especially  if  the  air  be 
in  motion  ;  because  a  new  portion  of  air  is  every 
moment  applied  to  the  surface  of  the  water,     li^ 
is  by  this  mechanism  that  those  winds  which 
have  paissed  over  a  large  extent  of  sea,  as  is  the 
case  with  our  west  and  south-west  winds,  become 
charged    vitli  water,    and  are  mostly  attended 
with  rain. 

Water,  in  its  turn,  becomes  charged  with  air. 
This  is  proved  by  a  curious  experiment,  n^ade  by 
Mariotte.  Take,  a  certain  quantity  of  water^ 
and  having  freed  it  as  much  as  possible  from  ^ir, 
put  it  into  a  small  bottle,  leaving  no  vacuity  iu 
it  but  a  space  of  the  size  of  a  pea  :  at  the  end  ot 
twenty-four  hours  the  water  will  occupy  the 
whole  capacity  of  the  bottle.  What  can  have 
•  1»ewme  pf  the  air,  which  was  ia. the,  vacuity,  \{ 


IS  OF  WATER, 

it  has  not  been  absorbed  by  the  water,  which  ww 
in  contact  with  it  B 

This  property,  which  air  has  of  combining 
with  water,  of  even  becoming  saturated  with  it, 
and  of  afterwards  quitting  it,  is  the  cause  of  va-^ 
nous  physical  effects,  such  as  the  production  of 
clouds  and  rain,  the  rising  or  falling  of  the  ba« 
rometer,  &c.  But  these  phenomena  we  shall 
explain  more  at  length  in  another  place. 

%  îlh  Of  fVater. 

The  principal  properties  of  this  common  and 
well  known  fluid  are  as  folloM's  :  it  is  transparent^ 
insipid,  and  inodorous  ;  it  always  tends  to  put 
itself  in  equilibrio,  that  is,  to  assume  a  form  the 
surface  of^  which  is  concentric  with  the  earth,  a 
property  it  possesses  in  common  with  all  the 
other  heavy  and  pop-elastic  fluids  ;  it  is  incom-^ 
pressible  :  can  be  reduced  to  vapour  by  heat, 
carried  to  a  certain  degree,  and  in  that  state  19 
endowed  with  a  verj  great  elastic  force.  When 
exposed  to  a  certain  degree  of  cold,  it  is  trans-r 
formed  into  a  solid  and  transparent  body  :  it 
dissolves  salts  and  a  multitude  of  other  sub- 
stances, and  by  these  means  it  becomes  the 
vehicle  of  the  nourishing  particles  both  of 
animals  and  vegetables,  wliich  renders  it  so  essen- 
ttally  necessary  in  the  animal  economy,  that  it 
is  in  some  measure  more  difficult  to  live  with-r 
out  water,  or  without  some  fluid  of  which  it 
forms  the  basis,  than  without  solid  aliment 

Such  are  the  properties  of  water,  of  which  we 
yhail  here  give  a  few  proofs,  till  we  come  to 
«pother  p^  of  this  work^  "where  we  ^hall  h#Y9 
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va  typportumty  of  enlarging  farther  on  the  same 
.Bubject 

It  is  needless  to  adduce  any  proof  that  water 
is  transparent,  inodorous^  and  insipid.  When  this* 
fluid  possesses  either  taste  or  smelly  it  is  because 
it  holds  in  solution  some  foreign  bodies.  People 
ought  therefore  to  be  suspicious  of  water  which 
is  said  to  be  agreeable  to  the  taste,  as  it  is  cer« 
tdn  that  it  is  not  pure. 

IVater  ahvaj/s  arranges  itself  in  such  a  form 
that  its  surface  is  concentric  with  the  earth. 
Every  body  is  acquainted  with  this  property  of 
water,  which  it  possesses  in  common  with  all  the 
other  non-elastic  fluids,  and  which  is  the  basis  of 
the  art  of  lerelling.  When  two  masses  of  water 
communicate  with  each  other,  we  may  rest  assured 
that  their  surfaces  are  level,  or  at  an  equal  di*» 
stance  from  the  centre  of  the  earth.  Those  per- 
sons then  are  mistaken,  who  believe  that  the 
water  of  the  Mediterranean  is  more  or  less  elç»- 
vated  than  that  of  the  Red  Sea,  at  the  bottom 
of  the  Gulph  of  Suez,  which,  as  is  said,  caused 
the  plan  for  cutting  through  the  isthmus  to  be 
abandoned,  lest  the  Mediterranean  should  run 
into  the  Red  Sea,  or  the  latter  into  the  former. 
Nothing  can  be  more  absurd,  since,  these  two 
seas  have  a  communication  with  esich  other  by 
the  ocean^  Had  they  been  originally  created 
on  a  different  level,  they  would  not  have  failed 
soop  to  assume  the  same  level. 
.  IVater  is  incompressible.  The  members  of  the 
Academy  del  Cimento,  the  first  who  it  appears 
adopted  the  true  method  of  philosophizing, 
namely,  by  subjecting  every  thing  to  the  test 
Mi  experiments^  made  a  very  curious  one,  which 
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-proves  this  property  of  water.  They  inclosed  t 
quantity  of  water  in  a  hollow  ball  of  gold,  of  a 
.certain  considerable  thickness^',  taking  *  care  to 
ascertain  that  .the  cavity  was  completely  filled  ; 
they  then  subjected  the  ball  to  the  blows  of  a 
hammer,  by  which  means  its  capacity  was  dimi- 
nished ;  but  the  water,  instead  of  suftering  ifc- 
self  to  be  compressed,  passed  through  the  pores 
of  the  gold,  though  exceedingly  small.*  This 
experiment  was  repeated  by  Mr.  Boyle  and  by 
Muschenbroek,  who  both  attest  the  truth  of  it 

Water  by  a  certain  degree  of  heat  is  reduced 
into  Iiighly  elastic  tapour.  •  This  truth  may  be 
proved  also  by  very  simple  experiments.  If  a 
3niall  quantity  of  water  be  thrown  upon  asti*oug 
fire,  you  will  immediately  see  it  transformed 
into  vapour. 

If  water  be  kept  in .  a  state  of  violent  ebuli> 
lition  in  a  close  vessel,  there  arises  from  it  an 
clastic  vapour  of  so  great  force,  that  «unless  a 
Tent  be  opened  for  it,  or  if  the  vessel  be  Hot 
jiufficieutly  strong  to  resist  its  action,  it  will  un^ 
doubtedly  burst:  for  this  t-eason,  in.  the  boiler 
of  the  steam^ngine  there  is  a  valve,  which  must 
be  opened  when  the  steam  has  acquired  a  cer- 
tain force,  otherwise  it  would  be  shivered  to 
pieces. 

This  vapour,  according  to  the  calculations 
l^ade  by  .philosophers,  occupies  a  space  14000 
times  greater  than  the  water  which  produced  it 
Hence  arises  the  prodigious  force  it  acquires^ 
when  confined  in  a  much  less  space* 

IFater,  when  eaposed  to  a  certain  degree  êfcùld, 
is  transformed  into  a  solid  transparent  to(^  which 
we  cull  ice.    This  &ct  is  so  well  kiiaw%  tl^t  it  J» 


tieeoiess  io  prove  it  Wc  shall  therefore  con- 
fine ourselves  to  an  explanation  of  this  singular 
effect. 

It  is  fiilly  proved^  by  the  formation  of  ice, 
that  the  primitive  state  of  water  was  that  of  a 
iolid  body.  It  is  a  solid  fused  by  a  degree  of 
heat  far  below  that  which,  according  to  our 
sensations^  we  call  temperate  ;  for  it  would  be  a 
strange  error  to  imagine,  that  \vhat  we  call  zero 
of  the  thermometer,  is  the  absence  of  .all  heat 
Since  spirit  of  wine,  and  various  other  liquors, 
remain  fluid  at  degrees  of  cold  much  greater 
than  that  which  freezes  water,  it  is  evident  that 
the  degree  called  zero,  which  is  marked  o,  ié 
merely  a  relative  term,  the-  commencement  of 
the  division. 

Water  then  is  only  a  liquified  solid,  which 
iceeps  itself  in  *a -liquid  state  at  a  degree  of  heat 
very  little  more  than  that  marked  o,  on  our^ 
common  thermometers,  and  which  in  that  of 
Fahrenheit  is  marked  3a.  The  reason  of  this  we 
shall  explain  when  we  come  to  «peak  of  ther- 
momcters. 

Let  us  now  take  a  short  view  of  w&tef  in  its 
solid  state.     When  heated  to  a  certain  degree, 
the  matter  of  fire,  with  wbiah  it  is  then  impreg* 
liated,  raises  up,  and  separates  from  each  other 
the  moleculse  of  which  it  is  composed  ;  for  as 
these  moleculce  do  no  longer  touch  each  others 
by  so  large  surfaces,    though   still  within  the 
limits  of  adhesion,  they  easUy  run  one  over  the. 
other.     Thus  we  have  ice  brought  to  a  state  of 
fusion,  as  lead  is  by  a  heat  of  ia6  degrees.    The 
matter  di  fire  escaped  to  diffuse  itself  in  equili- 
biium  is  oth^  bodie«/wbich  have  k»^  %^it  vif 
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in  this  manner  that  cooling  is  effected  ;  these^ 
moleculae  approach  each  other  ;  they  come  in 
contact  by  the  small  facets  which  they  recipro- 
cally present,  thus  adhere  and  form  a  solid  body. 
What  is  here  said,  in  regard  to  the  small  facets 
of  the  particles  of  water,  seems  to  be  proved  by 
the  ramifications  of  ice,  for  these  ramifications, 
both  in  ice  and  in  snow,  are  always  formed 
under  angles  of  66  or  lao  degrees;  which  indi- 
cates planes  uniformly  inclined.  We  shall  en- 
large farther,  in  another  place,  on  this  pheno- 
menon, which  depends  on  crystallization. 

It  would  be  ridiculous,  at  present,  to  explain 
th6  formation  of  ice  by  the  supposed  frigo- 
rifie particles,  the  existence  of  which  seems 
to  rest  on  no  foundation.  M^ater  freezes  at  a 
degree  of  heat  which  can  no  longer  keep  it  in 
fusion  ;  for  the  same  reason,  and  by  the  same 
mechanism,  that  lead  becomes  fixed  at  a  degree 
of  heat  less  than  226  of  Reaumur.  But  the 
same  philosopliers  who,  to  explain  the  congela- 
tion of  water,  have  recourse  to  the  frigorifie  par- 
ticles diffused  throughout  the  atmosphere,  do  not 
recur  to  them  in  the  present  case  :  :  thiey  well 
know  that  the  fixation  of  lead  arises .  only  from 
the  particles,  which  the  fire  does  not  keep  sufli- 
ciently  separated,  approaching  each  othen  Why 
then  should  we  reciir  to  any  thing  else  in  regard 
to  the  congelation  of  water  ? 

It  is  indeed  true,  that  in  the  congelation  of 
water  tliere  is  one  phenomenon  exceedingly  sin* 
gular,  which  is,  that  water  decreases  in  volume 
in  proportion  as  it  cools,  at  least  to  a  certain  de- 
gree ;  but  at  the  moment  when  ice  is  formed^ 
tiiis  voluiH^  increases  yéty  sensibly  ;  heoc^  the 
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philosophers  above  mentioned  conclude,  that 
some  foreign  matters,  or  their  supposed  frigorifie 
particles,  have  been  introduced  into  it.  fiut 
we  shall  observe,  ist*  That  the  case  is  the  same 
with  iron.  ad.  That  this  is  the  effect  of  crystal- 
lization ;  for  we  must  here  repeat,  that  the  con- 
gelation of  water  is  merely  a  crystallization,  by 
which  its  moleculce  assume  an  arrangement  which 
is  determined  by  their  primitive  form.  But  èhis 
arrangement  cannot  be  effected  without  pro- 
ducing an  increase  of  volume,  as  happens  in  re- 
ganl  to  iron  when  it  becomes  fixed,  or  loses  its 
fluidity,  merely  by  the  diminution  of  heat,  which 
kept  it  in  fusion.  This  will  become  more  evident 
when  we  have  explained  the  phenomena  of  crys- 
taU\zat\on. 

ff^ater  dissolves  salts  and  a  variety  of  other  sub» 
stances.  Every  one  knows  that  all  saline  bodies, 
whether  acids,  alkalis,  or  neutral  salts,  are  solu- 
ble in  water,  in  a  greater  or  less  quantity  ;  arid 
a  very  singular  phenomenon  in  this  respect  is, 
that  water  whicn  holds  in  solution  as  much  of  a 
certain  salt  as  it  can  contain,  will  still  dissolve 
some  other  salt  But,  for  the  most  part,  '  it 
abandons  one  of  them  when  it  becomes  charged 
with  the  other,  if  it  has  a  greater  afhnity  for 
the  latter. 

Of  the  other  substances,  which  water  dissolves, 
we  shall  mention  in  particular  the  gummy  or 
mucilaginous  part  of  animals  or  vegetables,  which 
forms  the  nourishment  of  the  former.  It  is  in 
consequence  of  this  property,  that  water  is  so  use- 
ful to  the  animal  economy;  for  the  nutritive 
part  of  aliment  must  be  dissolved  and  diluted  in 
water^  or  some  other  fluid  of  the  same  kind,  be- 
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fore  it  IS  swallowed^  or  this  solution  must  hé 
effected  in  the  stomach  after  deglutition.  Hence 
it  is  that  water,  in  some  measure,  is  the  first 
aliment  of  man  and  of  animals*  It  is  not  an 
Joliment  itself,  but  it  is  the  vehicle  of  every  thing 
that  serves  as  aliment. 

Finally,  water  is  the  base  of  all  the  other 
aqueous  fluids,  such  as  spirits,  oils,  &c;  for 
water  may  be  extracted  from  all  of  them  by  a 
Tery  simple  process,  namely  distillation.  Com- 
bustion produces  the  same  effect  by  disengaging 
ti^e  matter^  purely  aqueous. 

S  IV.  Of  Earths. 

Earth  is  that  part  of  compound  bodies,  which 
remains  fixed  after  they  are  analyzed.  When, 
by  the  action  of  fire,  we  have  consumed  or 
jaisçd  in  exhalations  the  inflammable  part,  have 
expelled  or  driven  the  air  into  the  atmosphere, 
haveraised  the  water  in  vapours,  there  remains 
^  solid  and  fixed  body,  not  farther  alterable  by 
fire,  that  is  the  elementary  earth,  the  different 
Icinils  of  which  it  is  that  commonly  constitutes 
the  nature  of  the  mixture. 
•  It  mi^st  indeed  be  acknowledged,  at  least  till 
we  arrive  at  a  decomposition  beyond  that  of  the 
fixed  body,  that  this  elementary  earth  is  not  all 
of  the  same  kind  ;  contrary  to  which,  it'is  found 
that  all  water,  all  respirable  air,  is  homoge- 
Beous  :  for  where,  by  calcination,  for  instance, 
we  have  reduced  a  metal  to  calx,  which  is  vitri- 
fiable,  that  calx  or  earth  is  not  necessarily  homo- 
geneous, neither  to  another  metallic,  calx,  nor 
tp  caput  martuum,  or  to  the  earth  of  another 
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most  violent  heat  excited  in  out  furûaeeè  pttH 
'  duces  no  effect  or. alteration. 

We  say  the  most  violent  heat  excited  in  oui* 
furnaces  ;  for  perhaps^  if  all  the  earths  are  not 
found  to  be  vitrifiable>  this  happens  only  because 
we  have  not  been  able  to  produce  a  sufficient 
degree  of  heat«  In  fact»  in  proportion  as  we 
have  succeeded  in  producing  more  considerable 
degrees  of  heat,  we  also  are  able  to  vitrify  ma- 
'  tenais  which  had  resisted  the  former  degrees  of' 
fire.  But  it  is  a  remarkable  circumstance,  that 
some  earths  which  separately  are  unfusible,  on 
being  mixed  together  become  fusible  and  vitri^ 
fiable.  Thus,  for  example,  calcareous  earth» 
mixed  with  argil,  runs  and  becomes  glas8«« 
Usually,  metallic  matters,  mixed .  either  with 
calcareous  earths,  or  with  refractory,  as. pure 
ami,  communicate  to  them  also  fusibility, 
wnich  these  have  not  separately. 

We  shall  limit  ourselves  here  as  to  what  might 
be  said  concerning  the  elements  ;  what  h^  been 
now  said  beinj^  the  most  solid  and  best  proved 
part  of  the  subject.  We  shall  now  pass  on  sue* 
cessively  through,  all  the  branches  of  physics,  in 
selecting  what  they  offer  the  most  curious  and 
interesting.  We  have  already  said  we  shall  hardly 
regard  much  order  in  these  observations  :  from 
the  bowels  of  the  earth,  we  shall  sometimes  sud* 
denly  raise  ourselves  to  the  upper  regions  of  the 
atmosphere;    from   a  problem  in  the  celestial 

Î>hysics,  we  shall  pass  to  a  question  in  minera- 
ogy*  ^^  shall  treat  apart  on  electricity,  on 
magnetism,  and  on  chemistry,  because  these 
branches  of  philosophy  are  extremely  fertile  in 
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curious  experiments,  and  present  each  of  tbem 
loiaterials  enough  for  separate  treatises. 

PROBLEM  I. 

Construction  of  the  Pneumatic  Machine^  or  Aii 
Pump^  with  an  account  of  the  principal  eifcrim 
ments  in  which  it  is  employetU 

Air  being  an  elastic  fluid,  it  may  be  easily 
conceived  that  if  it  be  shut  up  in  a  close  vesscL 
and  if  to  this  vessel  be  adapte^l  a  pump,  made  to 
cofhmunicate  with  it^  when  the  piston  is  drawn 
up  the  air  contained  in  the  vessel  will  enter  the 
body  of  the  pump.     If  the  communication  be- 
tween the  vessel  and  the  body  of  the  pump  be 
then  intercepted,  and  if  that  between  tne  latter 
and   the   external  air  be  opened,  by   pushingi 
down  the  piston,  the  air  contained  in  the  IxKijr 
of  the  pump  will  be  expelled.   Jf  the  comma- 
nication  between  the  body  of  the  pump  and  the 
external  air  be  then  shut^  and  that  between  the 
body  of  the  pump  and  the  vessel   be  opened, 
M'hen  the  piston  is  drawn  up,  the  air  in  the  ves* 
ael  will  again  rush  into  the  body  of  the  pump  ;  and 
by  thus  repeating  the  same  operation  as  before^ 
the  whole  air  contained  in  the  vessel  will  be  eva* 
cuated.  If  the  body  of  the  pqmp  be  equals  for  ex- 
ample, to  the  capacity  of  the  vessel  with  which  it 
communicates^  the  first  operation  will  reduce  the 
air  to  one  half  of  its  density  ;  the  second  to  the 
half  of  that  half,  or  to  a  fourth,  and  so  on  in  iuc^ 
cession  :  hence  a  very  few  strokes  of  the  piston 
will  reduce  the  air  contained  lA  the  vessel  to  % 
yery  great  degree  of  tCQuity. 


Socli  îs  the  mechanism  of  the  air  pump,  of 
which  the  following  js  a  mor^  minute  descrip:? 
tion.  A  B,  pU  I  fig.  I,  is  a  cylindric  pump  or 
larrel,  in  which  the  piston  D  is  made  to  play  by 
means  of,  the  branch  or  handle  D  C,  having  at 
Its  extremity  a  stirrup  for  receiving  the  foot,  by 
means  of  which  it  can  be  forced  downwards. 
The  body  of  the  pump  is  fitted  into  a  collar 
ftom  which  proceed  flirèe  or  four  branches  that 
form  a  sort  of  stand.  From  the  top  of  the  pUmp 
A  thf^re  arises  ^tube^  about  an  inch  in  diameter, 
to  *the  upper  part  of  which  is  adapted  a  circular 
platCi  with  a  small  raised  border  or  rim  around 
it.  On  fhis  plate  is  placed  the  receiver,  in  the 
form  of  a  belU  fhe  spiall  tubp  above  mentioned^ 
which  ^rves  to  establish  a  communication  be* 
♦ween  the  vessel  and  the  body  of  the  pump,  gè^ 
perally  passes  through  this  plate,  ^nd  has  a  screw 
4t  the  end,  in. order  that  tb^  tube  of  anothe? 
vessel,  such  as  a  bell  or  small  balloop,  from 
-which  it  is  required  to  evacuate  the  air,  may  be 
screwed  upon  it.  .  Beneath  the  plate,  and  be* 
twcen  it  and  the  body  of  the  pump,  is  a  stop- 
cock I,  so  constructed  that,  by  turning  it  to  one 
side,  a  communication  is  «established  between  the 
body  of  the  .pump  and  the  receiver,  while  all 
communication  is  prevented  between  it  and  the 
icxterior  air  ;  aijd  by  turning  it  in  a  contrary  dir 
rection  a  contrary  effect  is  produced.  Such  is 
tlie  form  of  the  pneumatic  machine  ;  at  least  of 
certain  simpie  kmds  of  it,  for  there  are  others 
more  complex.  One  kind,  for  example,  consists 
of  two  cylinders,  the  pistons  of  which  are  alter- 
nately worked  ^|5}  means  of  a  crank  ;  so  that  one 
of  them  always  became»  filkd  with  air  from  the 


receiver,  téhlte  the  other  throws  out  into  the  at> 
mosphere  the  ^ir  it  contained.  But  it  is  needf 
Jess  to  enter  into  these  details  :  those  who  ar4 
desirous  of  seeing  the  newest  improvements  in 
^legard  to  air  pumps,  may  have  recourse  to  the 
diSerent  treatises  on  natural  philosophy,  where 
Ihey  will  find  a  description  and  figures  of  the 
difrerent  additions  made  to  this  machine  by  me* 
chanics  and  philosophers,  to  render  |;he  us^  of  it 
.more  convenient  or  more  general. 

By  combining  this  description  with  what  ha* 
heen  saicj  in  regard  to  the  air,  it  will  be  easy  tn 
conceive  in  what  manner  this  machine  |s  env- 
ployed.  When  a  bell-formed  receiver  is  used,  a 
piece  of  oiled  leather^  with  a  liqle  ip  the  middle 
pf  it  to  afford  a  passage  to  the  |:ube  H,  is  somei- 
times  placed  on  the  plate  F  G.  Th\^  yret  leather 
causes  the  contact  of  the  edges  pf  the  Receiver  t© 
be  more  ppact,  thad  if  it  re%ted  Qvi  metal  ;  for 
some  aperture  or  çlefp  woul4  pftei>  remain^ 
through  which  the  exterior  ajr  would  introduce 
itself.  The  receiver  i$  then  placed  ppon  the 
plate,  with  or  without  the  leather,  and  tlje  cock 
is  turned  in  such  a  manner  as  to  open  a  commur 
iiication  between  the  body  of  the  pump  and  the 
receiver.  The  piston,  which  we  suppose  raised 
np  to  tlie  top,  is  then  forced  down  by  pressing 
the  foot  on  the  ^tirrUp,  and  when  it  is  as  low  as 
possible  the  cock  is  turned  in  such  a  manner  a^ 
to  intercept  the  first  comftiunication,  and  es- 
tablish that  between  the  body  of  the  pump 
and  the  exterior  air  ;  the  piston  being  theù 
raised,  the  air  ip  the  body  of  the  pump  is  ex- 
pelled, and  the  cock  is  turned  in  the  contrary  di- 
^tioa  which  shuts  the  second  communication^. 
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and  opens  the  former  ;  the  piston  is  ttien  forced 
down  ag^iin  and  the  same  effect  takes  place.  Or 
the  pump  is  otherwise  worked  in  the  manner 
peculiar  to  its  form  and  construction.  Every 
stroke  of  the  pump  expels  a  portion  of  the  air 
originally  contained  in  the  receiver,  and  in  a 
decreasing  geometrical  progression.  Thus,  for 
example,  it'  the  body  of  the  pump  is  equal  in 
capacity  to  the  receiver,  the  first  stroke  of  the 
piston  will  expel  one  half  of  the  air  contained  in  v 
the  receiver;  the  second  will  expel  the  fourth 
part  ;  the  third  the  eighth  part  ;  the  fourth  the 
sixteenth  part,  &c  ;  so  that  it  may  with  truth  be 
said  that  it  can  never  be  entirely  evacuated  ;  but 
after  fourteen  or  fifteen  strokes  of  the  piston  it 
will  be  so  rarefied/that  there  will  I'erhain  only  a 
part  infinitely  small  ;  for,  on  the  above  supposi* 
tion,  the  quantity  of  air  remaining  after  the  first 
stroke  of  the  piston  will  be  4,  after  the  second  4, 
after  the  third  ,.,  and  so  on  ;  after  the  fifteenth, 
then  ft  will  be  only  the  ^^'/SSth  part,  which  in 
general  is  equivalent  to  a  perfect  vacuum,  for 
experiments  such  as  those  that  are  usually  made. 
After  these  observations  on  the  form  and  use 
of  the  pneumatic  machine,  we  shall  proceed  to 
a  few  of  the  most  curious  experiments. 

EXPEaiMENT    f. 

Place  on  the  plate  of  "the  machine  a  receiver 
in  the  form  of  a  bell  :  if  you  try  to  remove  it  you 
will  experience  no  resistance  ;  but  if  you  give 
only  one  stroke  with  the  piston,  it  will  adhere  tp 
the  plate  with  considerable  force  :  after  a,  3,  or  4 
it  will  adhere  with  more  force  ;  and  after  18  or  at 
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With  the  force  of  several  hundred  pounds  weîglit.   - 
If  the  base  of  the  receiver  be,  for  example,  a  cir- 
cle a  foot  in  diameter,  the  adhesive  force  will  be 
about  1617  pounds. 

This  experiment  is  a  proof  of  the  gravity  of 
the  air  of  the  atmosphere  ;  for  the  air  is  the  only 
body    which,  by  pressing  on  the  receiver,  cau 
produce  the  adhesion   experienced.     When  the 
air  under  the  receiver  is  as  dense  as  the  external 
air,  there  is  no  adhesion,  the  air  within  and  with- 
out being  then  in  equilibrio  with  each  other;  but 
when  that  within  is  evacuated,  ekher  in  whole 
or  in  part,  the  equilibrium  is  destroyed,  and  the 
external  compresses  the  receiver  against  the  plate 
on  which  \t  rests,  with  the  excess  of  the  weight 
it  has  over  the  force  of  the  internal  air.     It  will 
be  fomid  that  this  force  \s  equal  to  that  of  a 
cylinder  of  water  ^^  feet  in  height,  and  having 
a  base  equal  to  that  of  the  receiver.      It  was  by 
these  means  that  we  found  the  result   of  1617 
pounds  ;  for  a  cylindric  foot  of  water  weighs  49 
pounds;  consequently  33  feet  weigh  1617. 

'       EXPEUTMEXT  II. 

Place  under  a  receiver  an  apple,  much  shrivel- 
led, or  a  verv  flaccid  bladder,  in  which  there  re- 
mains  but  a  small  quantity  of  air.  If  the  receiver  * 
be  then  exhausted,  you  will  see  the  skin  of  the 
ap])le' become  distended,  so  that  it  will  assume 
alnu)st  the  same  form,  and  have  as  fresh  an  ap- 
pearance, as  it  had  when  plucked  from  the  tree. 
The  bladder  will,  in  like  manner,  swtll  up,  and  may 
even  be  distended  to  such  a  degree  as  to  burst. 
When  the  air  is  re-admitted  into  the  recci  vci ,  they 
will  both  resume  their  former  contracted  state. 
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We  bave  here  an  evident  proof  of  the  elas» 
ticity  of  the  air.  While  the  wrinkled  apple 
or  flaccid  bladder  is  immersed  in  atmospheric  air^ 
its  M'eight  counteracts  the  elastic  force  of  the 
air  contained  in  both  ;  but  >vhen  the  latter  is 
freed  from  the  weight  of  the  former,  its  elasr 
ticity  begins  to  act,  and  by  these  means  it 
jdistends  the  sides  of  the  vessel  which  contains  it. 
When  the  air  is  re-admitted,  the  elasticity  is 
pounteracted  as  before,  and  the  apple  an4  blad- 
fipr  resume  tlieir  former  shape. 

EXPERIMENT  IIU 

place  under  the  receiver  a  small  animal,  such 
as  a  cat,  or  a  mou§e,  &c.  If  you  then  pump 
put  the  air,  you  will  immediately  see  the  animal 
become  trqubled,  swell  up,  and  at  length  expire, 
distended  and  foaming  at  the  mouth.  These 
phenomena  are  the  effect  of  the  air  contained  in 
the  animal's  body,  which  being  no  longer  com- 
pressed by  the  external  air,  exercising  its  elas^ 
ticity,  it  distends  the  membranes,  and  throws 
put  the  humours  which  it  meets  with  in  its  way. 

EXPERIMENT  IV. 

If  butterflies  or  common  flies  be  placed  under 
|:he  receiver,  you  will  see  theni  fly  about  as  long 
as  the  air  contained  in  the  machine  is  similar  to 
the  external  air;  but  as  soon  as  you  have  given 
a  few  strokes  with  the  piston,  they  will  in  vain 
^nake  efforts  to  rise,  as  the  air  has  become  toq 
much  rarefied  to  support  them. 
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EXPERIMENT    V. 


Adapt  to  a  flat  bottle  a  small  tube,  so  con- 
tructed  that  it  can  be  screwed  upon  the  end  of  the 
tube,  which  rises  above  the  plate  of  the  machine. 
On  the  second  or  even  the  first  stroke  of  the 
piston,  you  will  see  the  bottle  burst;  for  this 
reason  it  ought  to  be  covered  with  a  piece  of 
wire  nettingi  to  prevent  the  fragments  of  it  from 
doing  mischief  by  flying  about. 

The  same  effect  is  not  produced  on  a  receiver, 
because  its  spherical  form  gives  it  strength,  in 
the  same  manner  as  an  arch,  to  resist  the  pres- 
sure of  the  exterior  ain 

EXPERIMENT  VIv 

Provide  a  small  machine  consisting  of  a  bell 
and  hammer,  the  latter  of  which  can  be  put  in 
motion  by  wheel  work,  so  as  to  strike  the  bell 
and  make  it  sound.  Wind  up  this  small  ma* 
chine,  and  having  put  it  in  motion,  place  it 
below  the  receiver  and  exhaust  the  air.  As  the 
air  is  exhausted  you  will  hear  the  sound  of  the 
bell  always  become  weaker;  and  if  you  continue  to 
exhaust  the  air,  the  sound  will  at  length  cease  en- 
tirely, or  be  scarcely  heard.  On  the  other  hand,  if 
you  begin  to  readmit  the  air,  the  sound  will  be 
revived,  and  will  increase  more  and  more. 

This  experiment,  which  we  have  mentioned  in 
another  place,  fully  proves  that  air  is  absolutely 
necessary  for  the  transmission  of  sound,  and  that 
it  is  the  vehicle  of  it. 
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EXPERIMENT  VII. 

Provide  a  receiver  with  a  hole  in  the  top,,  and 
through  this  aperture  introduce  the  tube  of  a 
barometer,  so  that  the  bulb  shall  be  in  the  inside 
of  the  receiver  :  then  close  the  remaining  aper- 
ture with  mastic,  or  with  a  metal  plate,  so  as  to 
exclude  the  external  air.  Place  tlie  receiver 
^Lhus  prepared  on  the  plate  of  the  instrument, 
and  be^rin  to  exhaust  it  of  air.  On  the  first 
stroke  of  the  piston  you  will  see  the  mercury  fall 
considerably  :  asecond stroke  will  make  it  still  fall, 
but  a  quantity  less  than  the  former  ;  and  so  on 
in  a  decreasing  proportion.  In  short,  as  the  air 
in  the  receiver  becomes  less,  the  mercury  will 
descend  more  and  more  towards  the  level  of  tl^aÇ 
in  its  bason. 

EXPERIMENT  VllX. 

Provide  two  hollow  hemispheres  of  brass  or  cop-r 
per,  two  feet  in  diameter,  more  or  less,  with  very 
smooth  edges,  so  that  they  can  be  fitted  to  each 
other,  in  such  a  manner  as  to  form  3  hollow 
globe.  To  one  of  these  hemispheres  let  there 
be  adapted  a  tube  passing  into  the  inside  of 
it,  furnished  \vith  a  stopcock,  and  construct- 
ed in  such  a  manner  that  it  can  be  screwed  on 
the  end  of  the  tube  li  of  the  pneumatic  ma- 
chine. Each  of  these  hemispheres  must  have 
affixed  to  it  a  ring,  or  handle,  by  one  of  which 
the  globe  can  be  suspended,  while  a  weight  iî^ 
attached  to  the  other. 

^Vfien  these  arrangements  are  made,  adapt  the 
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two  concave  hemispheres  to. each  other,  so  that 
the  edges  may  be  ia  perfect  contacL  Screw 
upon  the  end  of  the  tube  H  of  the  pneumatic 
machine,  the  end  of  that  which  communicates 
with  the  inside  of  the  globe,  and  exhaust  it  of  air 
as  nmch  as  possible,  by  forty,  fifty >  or  more 
strokes  of  the  piston*  .  Then  shut  the  commun i-^ 
cation  between  the  inside  of  the  globe  and  the 
external  air,  by  turning  the  stop-cock,  and  re- 
move the  globe  from  the  machine.  If  you  then 
suspend  the  globe  by  one  of  the  rings,  and 
attach  a  considerable  weight  to  the  other,  you 
will  find  that  the  weight  will  not  be  able  to  se- 
parate the  two  hemispheres.  If  the  globe 
indeed  be  two  feet  in  diameter,  and  well  ex- 
hausted of  air,  the  force  with  which  the  edges, 
are  pressed  together,  will  be  equal  to  about 
6^00  pounds. 

This  is  what  is  called  the  celebrated  experi- 
ment   of  Magdeburgh,    becausie  first  made  by 
Otto  Guerik,  a  burgomaster  of  that  town.     Ho 
applied  to  the  globe  several  pairs  of  horses,  some 
dragging  in  one  direction  and  some  in  another, 
without  their  being  able  to  separate  the  two  he- 
mispheres :  and  in  this  there  is  nothing  astonish-^ 
ing,  for  though  six  horses  draw  a  waggon,  load- 
ed with  a  weight  equal  to  several  thousand  pounds, 
it  is  well  known  that,   one  with  ano  ther,    they 
do   not.  exert  a  continued  effort  greater  than 
about    180    pounds,    and,   dragging  by  jerks, 
their  exertion  does  not  exceed  perhaps  4  or  s^o 
pounds*     The  eflbrt  of  six  horses  therefore,  is 
equal  to  no  more  than  3000  pounds.     We  shall 
even  suppose  it  to  be  4  or  5000  pounds  ;  but  if 
the  six  horses  draw  in  different  directions,  they 
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do  not  double  that  force  ;  they  only  oppose  to 
the  first  the  rissistance  necessary  to  make  it  act, 
and  do  nothing  more  than  what  would  be  done 
by  a  fixed  obstacle  to  whidli  the  globe  might  be 
attached.  It  needs  therefore  excite  no  surprise 
that,  in  the  experiment  of  Magdcburgh,  twelve 
horses  were  not  able  to  disjoin  the  hemispheres  ; 
for  according  to  this  disposition,  these  twelve 
horses  were  equivalent  only  to  six  ;  and  it  has 
been  shewn  that  the  effort  of  these  six  horses, 
according  to  the  above  calculation,  was  very  in- 
fçrior  to  that  which  they  had  to  overcome. 

PROBLEM  II. 

To  invert  a  glass  full  of  uatcr,  mthout  spilling  it. 

Pour  water  or  any  liquor  into  a  glass,  till  it  is 
full  to  the  edge,  and  place  over  it  a  square  bit  of 
pretty  strong  paper,  so  as  to  cover  the  mouth  of 
It  entirely  ;  and  above  the  paper  place  any 
smooth  body,  such  as  the  bottom  of  a  plate, 
or  a  piece  of  glfiss,  or  even  your  hand.  If  you 
then  invert  the  whole,  and  afterwanls  raise  it 
up,  you  will  see  the  paper  adhere  to  the  glass 
and  the  water  vnW  not  fall  out. 

This  effect  is  produced  by  the  gravity  of 
the  air,  for  as  the  air  presses  on  the  paper, 
which  covers  the  mouth  of  the  glass,  with  a 
weight  supcrioi-  to  that  of  the  water,  it  must 
necessarily  support  it.  But  as  the  paper  be- 
comes moist,  and  affords  a  passage  to  the  air,  it 
at  length  suddenly  falls  down. 
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REMARK. 


In  consequence  of  the  same  principle,  water 
or  any  other  liquor  may  be  drawn  from  a  vessel, 
by  means  of  a  pipe  open  at  both  ends.  For,  let 
A  B,  pi  I  fig.  a,  be  a  tube,  thick  in  the  middle, 
and  tapering  towards  both  ends,  which  terminate 
in  two  pretty  narrow  apertures.  Immerse  it  irt 
any  liquor  with  both  ends  open  until  it  is  full  ; 
and  then  place  your  finger  on  the  upper  end>  so 
as  to  close  the  aperture  ;  if  you  then  draw  it 
from  the  fluid,  the  liquor  it  contains  Avill  remain 
suspended  in  it,  though  the  lower  end  be  open  ; 
ana  it  will  not  flow  out  till  you  remove  you* 
finger  from  the  upper  orifice. 

Instead  of  employing  a  tube  like  that  above 
described,  you  may  use  a  vessel,  such  as  H  B,  figi 
3,  made  like  a  bottle,  and  having  its  bottom 
pierced  with  a  great  number  of  small  holes.  If 
ycu  immerse  this  vessel  in  water  with  the  bottoni 
downwards,  the  liquor  will  enter  through  the 
holes  and  fill  it;  and  if  you  then  place  youi* 
finger  on  the  mouth  of  it,  and  draw  it  from  thé 
fluid,  the  water  will  remain  suspended  in  it  as 
long  as  your  finger  continues  in  that  situation  ; 
but  as  soon  as  it  is  removed,  the  water  will 
run  out* 

This  is  what  is  called  the  clepsydra  or  watering 
pot  of  Aristotle  ;  but  neither  Aristotle,  nor  any  of 
those  philosophers  who  followed  him^  till  the 
time  of  Torricelli,  assigned  a  better  reason  for 
this  effect,  than  the  horror  which  nature,  as  they 
said,  had  of  a  vacuum  ^ 
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PBOBX-EM  III. 

To  draw  off  all  the  liquor  contained  in  a  vessel^  by 

means  of'  a  sjfphon. 

The  name  syphon  is  given  to  a  tube  or  pipe, 
consisting  of  two  branches,  A  B  and  C  D,  pi.'  i 
fig.  4,  united  by  a. crooked. part  JB  C.  Whether 
this  part  be  straight  or  bent  is  of  no- importance. 
It  has  sometimes,  an  aperture  which  serves  for 
fining  the  two  branches,  or  for  sucking  up  the 
liquor  in  which  the  shorter  branch  is  immersed, 
"while  the  other  is  shut.  It  is  employed  in  the 
following  manner,  for  solving  the  problem  pro- 
posed. 

Having  filled  the  two  branches  of  the  syphon 
with  liquor,  close  them  Mith  your  finj^ers,  and 
immen^  the  shorter  one  in  the  vessel,  so  that 
the  end  of  it  shall  almost  touch  the  bottom  ; 
then  remove  your  finger  from  the  end  of  the 
longer  branch,  which  M^ill  be  lower  than  the 
bottom  of  the  vessel  to  be  emi)tied,  and  you  will 
see  the  liquor  run  out  at  the  extremity  1)  of  this 
branch,  till  the  vessel  is  entirely  emptied.  Or 
the  syphon  may  be  filled  and  set  a-running  after 
it  is  placed  in  the  liquid,  by  sucking  the  air  out 
at  the  lower  end  with  your  mouth. 

This  .phenomenon  is  also  an  effect  of  the 
gravity  of  the  air  :  for  when  the  syphon  is  full 
of  liquor,  and  placed  as  above  described,  the  air 
by  its  weight  exercises  a  pressure  on  the  surface 
of  the  liquor  to  be  emptied,  and  at  the  same 
time  on  the  orifice  of  the  lower  branch,  Thç 
latter  pressure  indeed  is  for  this  reason  somewhat 
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superior  to  the  former  ;  but  as  this  branch  is  full 
of  a  liquor  heavier  than  air,  the  advantage  must 
be  in  its  favour,  and  the  column  ought  to  fall 
down.  At  the  same  time  the  air  pressmg  on  the 
surface  of  the  fluid  in  the  vessel,  forces  the  liquor 
into  the  branch  of  the  syphon  immersed  in  it; 
which  furnishes  a  new  supply  to  the  longer  one, 
and  so  on  in  succession,  till  the  w  hole  liquor  is 
exhaubtcd. 

REMARKS. 

I.  All  the  wine  contained  in  a  cask  might 
easily  be  drawn  off  in  this  manner  by  the  bung- 
hole  ;  and  this  indeed  is  the  method  employed 
in  some  places  for  transferring  liquor  from  one 
cask  to  another,  without  disturbing  the  lees, 
which  are  at  the  bottom. 

II.  By  tlie  same  means,  ^vater  may  be  con- 
veyed from  any  place  to  another  on  a  lower  levels 
making  it  pass  over  an  obstacle  higher  than 
either,  provided  the  place  which  the  water  has 
to  surmount  is  not  higher  than  32  or  ^^  feet 
above  the  level  where  it  begins  to  ascend  ;  for  it 
is  well  known  that  the  gravity  of  the  atmospliere 
cannot  support  a  column  of  water  greater  than 
32  or  33  feet.  It  is  even  necessary  that  the 
obstacle  should  be  several  feet  less  in  height 
than  32  feet  above  the  level  of  the  water  to  be 
raised,  otherwise  the  water  will  move  in  a 
very  slow  manner,  unless  the  orifice  of  tlie 
longer  branch  be  much  lower  than  that  level. 

This  is  a  very  economical  kind  of  pump,  and 
might  be  employed  to  convey  water  from  one 
place  to  another  when  it  is  impossible  or  incon- 
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venîcnt  to  pierce  an  intervening  obstacle,  fa  es^ 
tablîsh  a  pipe  of  communication.  As  we  havd 
^never  made  the  experiment,  we  cannot  venture 
to  give  this  atf  a  very  certain  method,  on  account 
of  the  air  which  migl^  lodge  itself  at  the  suinmit 
of  the  bending  of  the  pipe. 

It  is  on  the  property  of  the  syphon  also  that- 
the  following  hydraulic  amusements  depend. 

PROBLEM  IV. 

To  construct  a  vessel  xchichy  xchen  filled  to  a  certain 
height  zoith  any  liquor ^  shall  retain  it  ;  and  which 
sh$ll  suffer  the  whole  to  escape^  when  filled  zvith 
the  same  liquor  to  a  height  ever  so  little 
greater. 

Those  who,  may  be  desirous  of  giving  to  this 
small  hydraulic  machine  a  more  mysterious  air, 
add  to  it  a  small  figure,  which  they  call  Tantalus, 
because  in  the  attitude  of  drinking  ;  but  as  soon 
as  the  water  has  reached  its  lips,  it  suddenly  runs 
out.  The  construction  of  this  machine  is  as 
follows. 

Let  there  be  a  metallic  vessel  A  B  C  E,  pi.  i 
fig.  5,  divided  into  two  pajts  by  a  partition  Yfi 
in  the  middle  of  this  partition  is  a  small  round 
hole,  to  receive  a  tube  M  S,  about  two  lines  in 
diameter,  the  lower  .orifice  of  which  must 
descend  a  little  below  the  partition.  This  tube 
is  covered  by  another  somewhat  larger,  closed 
at  the  top,,  and  having  on  one  side,  at  the 
bottom,  an  aperture,  so  that  when  water  is 
poured  into  the  vessel,  it  may  force  itself  be-* 
twecn    the    two    tubes,  and  rise  to  the  uppef 
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orifice  S  <^  the  first.  This  mechanism  must  be 
concealed  by  a  small  figure  in  the  attitude  of  a 
man  stooping  to  drink^  and  having  its  lips  z 
little  above  the  orifice  S. 

If  water  be  poured  into  this  vessel,  as  soon  ' 
as  it  reaches  the  lips  of  the  figure,  being  above 
the  orifice  S,  it  will  begin  to  run  off;  and  a  sort 
of  syphonic  motion  will  take  place,  in  conse- 
quence ot  which  the  whole  of  the  water  will  run 
into  the  lower  cavity,  which  ought  to  have  in 
the  side,  towards  the  partition,  an  aperture  to 
let  the  air  escape  at  the  same  time. 

This  hydraulic  machine  might  be  rendered 
still  more  agreeable,  by  constructing  the  small 
figure  in  such  a  manner,  that  when  the  water 
has  attained  to  its  utmost  height,  it  shall  cause 
the  figure  to  move  its  head,  in  order  to  approach 
it  ;  which  would  represent  the  gestures  of  Tanta- 
lus, endeavouring  to  catch  the  water  to  quench 
his  thirst. 


PROBLEM  V. 


Construction  of  a  vessel  tv/iich  zv/nle  standing  up- 
right  retains  the  liquor  it  contains  ;  but  which 
i/' inclined^  as  for  the  pui^pose  of  drinking^  imme^ 
diately  suffers  it  tê  escape. 

Pierce  a  hole  in  the  bottom  or  side  of  the 
vessel  to  which  you  are  desirous  of  giving  this 
property,  and  insert  in  it  the  longer  branch  of  a 
syphon,  the  other  extremity  of  which  must  reach 
nearly  to  the  bottom,  as  seen  pi.  i  fig  6.  Then 
fill  the  vessel  with  any  liquor,  as  far  as  the  lower 
side  of  the  bent  part  of  the  syphon  :  it  is  evident 
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that  when  inclined,  and  applied  to  the  moutfty 
this  movement  will  cause  the  surface  of  thcJ 
water  to  rise  above  the  .bending,  and  from  the 
nature  of  the  syphon  the  liquor  wilt  then  begin 
to  flow  off;  and  if  the  vessel  is  not  restored  to 
its  former  position  will  continue  doing  so  till  it 
becomes  empty. 

This  artifice  might  be  concealed  by  means. of  a 
double  cup,  as  it  appears  fig.  7  ;  for  the  syphon 
abc,  placed  between  tlie  two  sides,  will  produce! 
the  same  effect.  If  the  vessel  be  properly  pre- 
sented to  the  person  whom  you  are  desirous  of 
deceb'ing,  that  is  to  say  in  such  a  manner  as  to 
ynake  him  apply  his  lips  to  the  side  b,  the  summit 
of  the  syphon,  the  inclination  of  the  liquor  will 
cause  it  to  rise  above  that  summit,  and.it  will 
hnmediately  escape  at  c.  Those  persons  however 
who  are  acquainted  with  the  artifice  will  apply 
their  lips  to  the  other  side,  and  not  meet  with 
the  same  disappointment. 

PROBLEM  vr. 

^feikod  of  constructing  a  fountoWy   xchich  Jltncs 

and  stops  alternately. 

This  fountain,  the  invention  of  M.  Shcrmius, 
is  exceedingly  ingenious,  and  affords  a  veiy 
*  amusing  spectacle,  because  it  seems  to  flow 
and  to  stop  at  command.  It  depends  on  the 
operation  of  a  syphon,  ^\'hich,  by  the  peculiar 
mechanism  of  this  machine,  is  sometimes  ob- 
structed and  sometimes  left  free,  as  will  appear 
by  the  following  description. 

A  B  pi.  2  fig*  8 J  i$  a  vessel  shaped  like  a 
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^Tum,  and  close  on  all  sides,  except  a  hole  in 
the  middle  of  the  bottom  F,  into  which  is  sol- 
dered a  tube  C  D,  open  at  both  its  extremities 
C  and  D  ;  but  the  upper  one  C  ought  not  to 
touch  the  top  of  the  cylinder,  in  order  that  the 
water  may  have  a  free  passage.  When  this 
vessel  is  to  be  filled,  it  must  be  inverted,  and 
the  water  is  tjien  introduced  through  the  aper- 
ture D,  till  it  is  nearly  full. 

From  the  centre  of  the  bottom  of  a  cylindria 
vessel,  G  H,  somewhat  larger,  rises  a  tube  D  E^ 
a  little  narrower,  so  that  it  can  be  fitted  exactly 
into  the  former.  Its  height  also  ought  to  be 
somewhat  less  ;  and  its  summit  E  must  be  open^ 
These  two  tubes,  C  D  and  E  D,  have  two  corre- 
3ponding  holes,  I,  i,  at  an  equal  height  above 
the  bottom  of  the  lower  vessel,  so  that  when  the 
one  tube  is  inserted  into  the  other,  the  holes  may 
be  made  to  correspond,  and  establish  a  commu- 
nication between  the  external  air  and  that  in 
the  upper  vessel.  Lastly,  there  must  be  two  or 
four  holes,  as  K,  L,  in  the  bottom  of  the  vessel 
A  B,  through  which  the  water  may  flow  into 
the  lower  vessel  G  H  ;  and  in  this  vessel  also 
there  ought  to  be  one  or  two  holes,  M,  N,  of  a 
smaller  siae,  through  which  the  water  may  escape 
into  another  large  vessel  placed  below  the  whole 
apparatus. 

To  make  the  machine  play,  pour  water  into 
the  vessel  AB,  till  it  is  almost  entirely  full; 
.having  then  stopped  the  pipes  K  and  L,  intro- 
duce the  tube  1)  E  into  C  1),  so  that  the  vessel 
G  H  shall  serve  as  a  base,  and  make  the  two 
holes  I  and  i  correspond  with  each  other  ;  if  the 
holes  or  pipes  K  and  L  be  then  unstopped,  as  the 
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external  air  will  have  a  communication,  by  the 
apertures  I,  i,  \yith  that  which  is  above  the 
water  in  the  vessel  A  B,  the  water  will  flow 
readily  into  the  vessel  G  H  :  but  the  quantity 
which  escapes  from  G  H  being  less  than  that 
which  falls  from  the  upper  vessel  A  B,  it  will  soon 
rise  above  the  apertures  I,  /,  and  intercept  the 
communication  between  the  external  air  and  that 
at  the  top  of  the  vessel  A  B  ;  consequently  the 
water  will  soon  after  cease  to  flow.  But  as  the 
water  will  continue  to  flow  from  the  lower  vessel 
vhile  no  more  falls  into  it  from  the  upper  one, 
the  apertures  I,  i,  will  soon  be  uncovered,  and  the 
above  communication  will  be  re-established  :  the 
water  therefore  will  again  begin  to  flow  through 
the  pipes  K  and  h,  and^  rising  above  the  aper* 
tures  I,  i,  will  soon  after  begin  to  escape 
again  ;  and  this  play  will  take  place  alternately, 
till  no  more  water  is  left  in  the  vessel  A  B. 

The  time  when  the  air  is  about  to  be  introduced 
through  the  apcitures  I,  /,  into  the  top  of  the  vessel 
A  B,  will  be  known  by  a  small  gurgling  noise  ; 
and  at  that  moment  you  must  conimand  the  foun- 
tain to  flow.  When  you  see  tjie  water  begin  to 
sink  below  the  same  apertures  I,  i,  you  must  com- 
mand it  to  stop.  Hence  the  name  given  to  this 
machine,  thejountain  oj  cominand* 

P110BLE5I  vu. 

Haiv  to  C071S tract  a  ckpsydray  lihich  hidkates  thô 
hours  by  the  tuiijorvi  ijjlujc  of  water ^ 

We  have  shewn,  in  the  mechanics,  that  if  a 
vessel  has  a  hole  in  its  bottom,  the  water  flow» 
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out  faster  at  first  than  it  does  afterwards,  so  that 
if  we  wished  to  employ  the  efflux  of  water  to 
indicate  the  hours,  as  the  ancients  did,  it  would 
be  necessary  to  make  the  divisions  very  un- 
equal; because^  ifthe  whole  height  were  divided 
into  144  equal  parts,  the  highest,  if  the  vessel 
were  cylindrical,  ought  to  contain  ^2,  the  second 
fi,  &c,  and  the  last  only  i. 

Are  there  any  means  then  of  causing  the  water 
to  flow  off  in  a  uniform  manner?  This  is  a  pro» 
blein  which  naturally  presents  itself  in  conse- 
quence of  the  preceding  observation.  We  have 
already  solved  it  in  mechanics,  by  shewing 
what  form  ought  to  be  given  to  the  vessel,  that 
the  efflux  of  the  water  through  a  hole  in  its  bot- 
tom may  be  uniform.  But  we  shall  here  give  a 
more  perfect  solution,  as  \t\s  equally  exact  what- 
ever may  be  the  law  of  the  retardation  of  the 
velocity  of  the  water. 

This  solution  is  founded  on  the  property  of 
the  syphon,  and  is  very  old,  since  it  was  describ- 
ed by  Hero  of  Alexandria.     It  is  as  follows. 

Provide  a  syphon  ABC  pi.  2.  fig.  9,  and 
affix  to  the  shorter  branch  A  B  a  piece  6t'  cork, 
capable  of  keeping  the  whole  syphon  in  a  verti- 
cal situation,  as  seen  in  the  figure.  When  this 
apparatus  is  made  to  play,  and  the  water  begins 
to  flow  off  through  the  longer  branch,  it  will 
continue  to  escape  with  the  same  velocit}% 
whatever  may  be  the  height  of  the  water  :  for,  in 
this  machine,  the  efflux  takes  place  in  conse- 
quence of  the  inequality  of  the  force  with  which 
the  atmosphere  presses  on  the  surface  of  the 
liquid,  and  on  the  orifice  of  the  longer  branch; 
since  the  syphon  then  sinks  down  as  the  surface 
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of  the  liquid  falls,  It  is  evident  that  the  velocity 
of  its  efflux  will  be  uniform. 

If  the*  height  of  the  vessel  D  E  be  therefore 
divided  into  equal  parts,  these  divisions  will  indi^ 
cate  fequal  intervals  of  time,  To  render  this 
clepsydra  more  curious,  the  branch  A  B  might 
te  concealed,  by  a  small  light  figure  made  to 
float  on  the  surface  of  the  water  in  the  vessel^ 
and  indicating  the  hour  with  a  rod,"  or  its  finger, 
on  a  small  dial  plate. 

On  the  other  hand,  the  water  might  be  made 
to  flow  from  any  vessel  whatever,  through  a 
similar  syphon,  into  another  vessel  of  a  prismatic 
or  cyiindric  form,  from  which  might  arise  a  small 
figure  floating  on  the  water,  to  indicate  the  hour 
93  above  described» 

PROBLEM  Vlli. 

« 

IFhat  is  the  greatest  height  to  which  the  Toxcer  of 
.    Babel  could  have  been  raised^   bc/orc  the  maie^f 
rials  carried  to  the  summit  lost  all  their  gravity. 

To  answer  this  mathematical  pleasantry,  which 
J)elongs  as  much  to  the  physical  part  of  astrono- 
my as  to  mechanics,  we  must  observe: 

ist.  That  the  gravity  of  bodies  decreases  in 
the  inverse  ratio  of  the  squares  of  their  distance 
from  the  centre  of  the  earth.  A  body,  for  ex- 
ample, raised  to  the  distance  of  a  semi-diameter 
of  the  earth  above  its  surface,  being  then  at 
the  distance  of  twice  the  radius,  will  weigh  only 
-J  of  what  it  weiglieil  at  the  surface. 

2(1.  If  we  suppose  that  this  body  partakes 
M'ith  the  rest  of  the  earth  in  the  rotary  motioi^ 
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which  it  has  around  its  axis,  this  gravity  will  be 
étill  diminished  by  the  centrifugal  force  ;  which, 
on  the  supposition  that  uneaual  circles  are  de- 
scribed in  the  same  time,  will  be  as  their  radii» 
Hence  at  a  double  distance  from  the  earth  this 
force  will  be  double,  and  will  deduct  twice  as 
much  from  the  gravity  as  at  the  surface  of  the 
earth.  But  it  has  been  found,  that  under  the 
equator  the  centrifugal  force  lessens  the  natural 
gravity  of  bodies  t4t^^^  P^^^-  ^ 

3d.  In  all  places,  on  either  side  of  the  equator, 
the  centrifugal  force  beingless,  and  acting  against 
the  gravity  in  an  oblique  direction,  destroys  a 
less  portion,  in  the  ratio  of  the  isquare  of  the  co- 
sine of  the  latitude  to  the  square  of  radiqs. 

These  things  being  premised,  we  may  deter- 
mme  at  what  height  above  the  surface  of  the 
earth  a  body,  partîcîpat'itxg  in  its  diurnal  motion  in 
any  given  latitude,  ought  to  be  to  have  no  gravity. 

But  it  is  found  by  analysis  that  under  the 
equator,  where  the  diminution  of  gravity  at  the 
surface  of  the  earth,  occasioned  by  the  centrifu- 
gal force,  is  exactly  ^tt?  ^^^  required  height, 
counting  from  the  centre  of  the  earth,  ought  to 
be  v^289,  or  6  semi-diameters  of  our  globe  pïus 
4^f  or  5  semi-diameters  and  .^^^  above  the  sur- 
face. 

Under  the  latitude  of  30  degrees,  which  ïs 
Bearly  that  of  the  plains  of  Mesopotamia,  wherfe 
the  descendants  of  Noah  first  assembled,  and 
vainly  attempted,  as  we  learn  from  the  Scrip- 
tures, to  raise  a  monument  of  their  folly,  it  will 
be  found  that  the  height  above  the  surface  of  the 
earth  ought  to  have  been  6  ^^  semi-diameters  of 
ttie  earth. 

VOL,    IV.  E 
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Under  rf^e  latitude  of  60  degrees,  tbi*  height 
above  the  surface  of  the  earth  ought  to  ImvC; 
been  p-roV  serni-djameters  of  the  earth. 

Under  the  pole  this  distance  might  be  infinite  ; 
because  in  that  part  of  the  earth  there  is  no  cen- 
trifugal force»  since  bodies  at  th»' pole  only  turn 
round  themselves. 

PROBLEM  IX. 

Jf  we  suppose  a  hole  bored  to  the  centre  of  the  earth; 
haw  long  time  would  a  heavy  bod^  require  to 
teach  the  centre^  neglecting  the  resistance  of  the 


air 
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As  the  diameter  of  the  earth  is  about  7930 
miles,  the  semi-diameter  will  be  3965  miles/  or 
20935200  feet.  If  the  acceleration  were  uniform^^ 
the  solution  of  the  problem  would  be  attended 
with  no  difficulty;  for  nothing  would  be  neces- 
sary but  to  say,  according  to  Galileo's  rule,  As 
lô^T  feet  are  to  20935200  feet,  so  is  the  square 
of  I  second,  which  is  the  time  employed  by  a 
heavy  body  in  faUing  16^  feet  to  a  fourth  term 
which  will  be  the  square  of  iht  number  of  seconds 
employed  in  falling  20935200  feet.  But  this 
fourth  term  will  be  found  to  be  1301940  ;  and  if 
^'c  extract  the  square  root  of  it,  we  shall  have 
the  required  number,  that  is  114  seconds,  or  19 
minwtes.  Such,  according  to  this  hypothesis, 
would  be  the  time  employed  by  a  heavy  body  in 
falling  to  the  centre  of  the  earth. 

But  it  is  much  more  probable  that  a  body,  pro- 
ceeding along  the  radius  of  the  earth,  would  lose 
its  gravity,  as  it  approached  the  centre  ;  for  a^. 
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iTieceiitre  it  would  have  no  gravity  at  all;  audit  can 
be  demonstrated^  supposing  the  density  of  the 
earth  to  be  unitbrni,  and  that  attraction  is  in  the 
inverse  ratio  of  the  squares  of  the  distances^  that 
the  gravity  would  decrease  in  the  âame.  proportion 
as  the  distance  from  the  centre.  The  problem 
therefore  must  be  solved  in  another  manner^ 
founded  on  the  following  proposition  demonstrat- 
ed by  Newton  : 

If  a  quadrant  be  described  with  a  radius  equal 
to  that  of  the  earth,  an  arc  which  has  i6^V  ^^^^ 
for  versed  sine,  will  be  to  the  quadrant,  as  i  se- 
cond employed  to  pass  over  in  falling  Xhe$t  16^ 
feet,  is  to  the  time  en^ployed  to  fall  through  tiie 
whole  semi-diameter  of  the  earth. 

But  an  arc  oV  the  earth  corresponding  to  16 -^ 
feet  of  fall,  or  versed  sine,  is  4'  16''.  5''';  and  this 
arc  is  to  the  quadrant,  as  1  to  1265  2.  Con- 
sequently we  ha\  e  this  proportionnas  4'  16"  5"'  are 
to  90^  or  as  1  to  1265*3,  so  is  i  second,  employed 
in  falling  i6^  feet  at  the  surface  of  the  earth,  to 
1265''  12'^,  or  21'  5'^  12'''.  This  will  be  the  time 
employed  by  a  heavy  body  in  falhng  from  this 
surface  of  the  earth  to  the  centre,  according  to 
the  second  supposition,  which  is  niore  consistent 
Mith  the  principles  of  philosophy  than  the  formen 

PROBLEXI  X. 

What  would  be  the  cmsequcnce,  should  the  mean 
be  suddenly  stopped  in  her  ciixular  motion^  a?id 
in  wha  t  time  zcould  she  J  all  to  the  earth  ? 

A«  the  moon  is  maintained  m  the  orbit  which 
slie  describes  arpund  the  earth,  only  by  the  effect 
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of  the  centrifugal  force  which  arises  from  her  cir# 
oular  motion,  and  which  counterbalances  her  gra- 
vitation towards  the  earthy  it  is  evident  that^  i^ 
the  circular  motion  were  annihilated,  the  centrifu- 
gal force  would  be  annihilated  also;  the  moon 
then  would  be  abandoned  to  a  tendency  towards 
the  earth,  and  would  fall  upon  it  with  accelerated 
velocity. 

But  this  motion  would  not  be  accelerated  ac* 
cording  to  the  law  discovered  by  Galileo;  for 
this  law  supposes  that  the  force  of  gravity  is  uni- 
form, or  alw^s  the  same.  In  the  present  case 
the  gravity  of  the  moon  towards  the  earth  would 
Vary,  and  be  incresaed  in  the  inverse  ratio  of  the 
square  of  the  dislance,  according  as  she  approach- 
ed the  centre  ;  which  renders  the  problem  much 
more  difficult. 

Newton  however  has  taught  us  the  method  of 
solving  it  :  this  philosopher  has  shewn,  that  this 
time  is  equal  to  the  half  of  that  which  the  same 
planet  would  employ  to  make  a  revolution  around 
the  same  central  body,  but  at  half  her  present 
distance  from  it.  Now,  it  is  well  known  that 
the  lunar  orbit  is  nearly  a  circle,  the  radius  of 
which  is  equal  to  60  semi-diameters  of  the  earth, 
and  her  revolution  is  27  days  7  hours  43  minutes*; 
hence  it  is  found,  by  the  celebrated  rule  of  Kep- 

*  We  make  the  revolution  of  the  moon  27  days  7  hours 
43  minutes,  and  not  29  davs  12  hours  44  minutes;  for  the 
revolution  here  meant,  is  from  any  point  <yf  die  heavens  to 
die  same  point  again,  and  not  a  synodical  revohitioa,  which 
is  longer  \  because  when  die  moon  has  described  a  com- 
plete circle»  she  has  still  to  come  up  Mrith  tht  sun»  which  in 
the  course  of  27  days  has  advanced  in  appearance  27  de- 
crees or  nearly. 
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1er,  that  if  she  were  distant  from  the  eardi  only 
^o  of  its  semi^diameters,  she  would  employ  in 
her  revolution  around  it  no  more  than  9  days 
15  hours  5 1  minutes.  Consequently  her  aemi-re« 
▼olution  would  be  4  days  19  hours  554.  minutes» 
which  is  therefore  the  time  the  moon  would  em- 
ploy in  falling  to  the  centre  of  the  earth. 

REMAKK. 

If  we  examine,  by  the  same  method,  in  what 
time  each  of  the  circumsolar  planets,  under  the 
like  circumstances,  would  fall  into  the  sun,  it 
win  be  found  that 

D.      H. 

Mercury  would  fall  in  -  -     15  13 

Venus  in       -      •      -  -  -    39  17 

The  Earth  in       -      -  -  -    04  10 

The  Moon  in      -      -  -  -    64  10 

Mars  in        -      -      -  -  -  121   10 

Jupiter  in     -      -      -  -  -  766    6 

Saturnin      -      -      -  -  1902    p 

The  Georgian  planet  in  -  5433  17 

PROBLEM  XI. 

frhat  would  be  the  gravity  of  a  body  transported 
to  the  surface  of  the  sun,  or  any  other  fianet 
than  the  earthy  in  comparison  of  that  which  it  has 
at  the  surface  of  our  globe  ? 

It  can  be  demonstrated,  to  all  those  capable  of 
comprehending  the  proofs,  that  the  gravity  of  a 
body  at  the  surface  of  the  earthy  is  nothing  else 
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than  the  .tcûdetncyi  of  :l:hab  body  <;o\Vftrds  evcFy 
cart  of  tlie^iarth  ;  the  result  of  which  niust  be  a 
^XHhf^und  tendra cy  passing. thiiougU  the  centre, 
-previdttl.  the/ earth*  bea'perfect  globe,  iwhich  w^ 
here  suppp^se,  ont^acooaDl  of  theisipall  diffdrence 
^etM^en  its  figure  and:th^t  of  a  aphene,  l^^ç^n 
be  demonstrated  Also, ..tliat.. 113  attraction  .tak.e$ 
place  in  the  direct  ratio  of  the  masses,  and  the 
inverse  ratio  of  the  square,  of  the  distances,  a 
particle  of  matter  placed  on  the  surface  of  a 
::sphcre>  *hich.  exercises  on  it  a  power  of  attrac- 
ition,  will  tend  towards  ife  with  the  sarati  force  a^ 
if  its  whdf  mass  .were  united  in  its  centre. 

It  thence  follows,  that  if  we  suppose  twp 
splieres,  unequal  both  in  their  diameters  and 
masçes,  the  gravity  of  the  particle  on  the  one, 
will  be  tp  that  of  the  sanie  particle  on  the 
pther,  m  the  compound^  ratio  of  their  masses 
taken  dirçcth%  and  of  the  squares  of  their  semi- 
jdiametelfs  taken  inversely. 

But  it.  has  been  demonstrated  by  astronomical 
observation?,  that  the  sun's  semi-diameter  is  equal 
to  abput  III  of  the  earth's  semi-diameters,  and 
that  his  mass  is  to  that  of  the  earth,  as  341908 
to  I  :  the  gravity  then  of  a  body  at  the  surface 
of  the  sun,  will  be  to  that  of  the  same  body  at 

.  the  surface  of  the.  earth,  in  the  compound  ratio 
of  341098  to  I,  and  of  the  inverse  of  the  square 
of  I  If  to  li  that  is  of  1 232 1  to  I. 

If  ihe  nuhiber  341908  bë  therefore  divided  by 
1 232 1,  we  shall  have  274  nearly;  consequently  a 

^  body  of  a  pound  weight,  transported  to  tlie  sur- 
face of  the  sun,  would  weigh  274  pounds. 

But  we  shall  endeavour  to  illustrate  this  sub- 
ject by  a  reasoning  still  simpler.     If  the  whole 
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mass  of  the  sun,  Vhich  is  341 90S  times  as  great 

as  that  of  the  eartlv,  -^'ere  compressedinto  a  globe 

equal  in  siss6  to  the  earth,  the  body  in  question, 

instead  of  weighing  one  pound,; .  would  weigh 

541908.     But  as  the  suiface  of  the  sun:  is  iii 

times  as  far  from  his  centre  as  tliat  of  the  earth 

is  fiom   its  centre,   it   thence  follows  that  the 

above  weight  m*ist  be  diminished  in  the  ratio 

of  113^1,  or  of  the  square  of  iii,  to  the  square 

of  unity  ;  that  is,  we  must  take  only  the  1 232  isft 

part  or  the  weight  above  found,  which  gives  the 

preceding  result,   viz.  27^.   ^        . 

By  a  similar  reasoning  it  will  be  founds  that 
a  body  of  a  pound  weight  carried  to  the  surface 
of  Jupiter,  would  weigh  3^  pounds;  to  that  of 
Saturn  1^,  and  to  that  of  the  moon'  only  3 
ounces. 

The  masses  of  Mercury,  Venus,  and  Mars, 
cannot  be  ascertained;  becai^e  no  bodies  circu- 
late around- them,  and  therefore  the  problem 
cannot  be  solved  in  regard  to  them. 

PROBLEM  XII. 

I  ■ 

To  construct  a  fountain  which  shall  thrcnv  up 
water  by  the  compression  of  thé*  air. 

Let  there  be  a  vessel,  ,a  section  of  which  is  re- 
presented pi  2  fig.  10,  namely  composed  of  a 
cylindric  pedestal  or  parallelopipedon,  crowned 
with  a  kind  of  cup  F  A  E  D.  This  pedestal  is 
divided,  by  a  partition  N  O,  into  two  cavities, 
the  lower  one  of  which  must  be  somewhat  smaller 
than  the  other. 

A  tube  G  H,  passing  through  the  partition, 
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pavity,  will  press  on .  the  surface  of  the  wuic, 
and  oblige  it  to  flow  through  the  cock,  until  ^t 
hç  in  equilibrium  with  the  weight  of  the  atmo- 
sphere :  if  more  water  be  then  poured  into  the 
cup  FD,  nearly  as  much  wine'will  issue  through 
'the  cock;  so  that  the  water  wjU  appear  to  be 
converted  into  wii)e. 

Hencç,  if  it  be  allowable  to  make,  allusion  to  ^ 
celebrated  pvent  recorded  in  the  sacred  scriptures, 
inrere  this  machine  constructed  in  the  form  of  a 
>rine-jar,  it  might  be  called  the  pitcher  of  Can^. 

Ï»J10BLEA|  XIV. 

Method  of  constructing  an  hydraulic  .  machine, 
where  a  bird  dyinks  up  all  the  water  that  spouta 
up  through  a  pipe  and  foils  into  a  basoJi. 

• 

Let  a  B  D  C,  pi  2  fig.  12,  be  a  vessel,  divided 
into  two  parts  by  a  horizontal  partition  EF; 
and  let  thp  upper  cavity  be  divided  into  two 
parts  also  by  a  vertical  partition  G  H.  A  com- 
munication is  formed  between  the  upper  cavity 
BF  and  the  lower  one  EC,  b}»^  a  tube  LAI, 
"^hich  pioceeds  from  the  lower  partition,  and 
descends  almost  to  the  bottom  DC.  A  similar 
communication  is  formed  between  the  lower 
cavity  E Ç  and  the  upper  one  AG,  bv  the  tube 
IK,  which  rising  from  the  horizontal  partiliou 
EF,  proceeds  nearly  to  the  top  AB.  A  third 
tube,  terminating  at  the  upper  extremity  in  a 
very  small  aperture,  descends  nearly  to  the  par- 
tition E  F,  and  passes  through  the  centre  of  a 
bason  R  S,  intended  to  receive  the  water  which 
issues  from  it.     Near  the  edge  of  this  basoi;i  is 


^  bird  wftli  its  bill  immersed  in  it  ;  and  through  the 
body  of  the  bird  passes  a  bent  syphon  Q  P,  the 
aperture  of  which  P  is  much  lower  than  the 
aperture  Q.  Such  is  the  construction  of  this 
machine,  the  use  of  which  is  as  follows. 

Fill  the  two  upper  cavities  with  water  through 
two  holes,  made  for  the  purpose  in  the  sides  of 
the Acssel,  and  which  must  be  afterwards  shut. 
It-  may  be  easily  seen  that  the  water  in  the  ca- 
vity A  G  ought  not  to  rise  above  the  orifice  K 
of  the  pipe  K  I.  If  the  cock  adapted  to  the 
pipe  L  M  be  then  opened,  the  water  of  the 
upper  cavity  H  F  will  flow  into  the  lower  ca- 
vity, where  it  will  compress  the  air,  and  make 
it  pass  through  the  pipe  K  I  into  the  cavity  AG; 
in  this  cavity  it  will  compress  the  air  which  is 
above  it,  and  the  air,  pressing  upon  it,  will  force 
it  to  spout  up  through  the  pipe  N  O,  from  whence 
it  will  fall  down  into  the  bason. 

But  at  the  same  time  that  the  water  flows  from 
the  cavity  B  G  into  the  lower  one,  the  air  wiH 
become  rarefied  in  the  upperpart  of  that  cavity: 
hence,  as  the  weight  of  the  atmosphere  will  act 
on  the  water,  already  popred  into  the  bason 
through  the  orifice  O  of  the  ascending  pipe 
N  O,  the  water  will  flow  through  the  bent  pipe 
Q  S  P,  into  the  same  cavity  B  G.;  and  this  mo- 
tion, when  once  established,  will  continue  as 
long  as  there  is  any  water  in  the  cavity  AG. 
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To  construct  a  fowUain^  which  shall  thratv  up 
teater,  in  consequence  of  the  rarefaction  of  air 
dilated  by  heat. 

Construct  a  cylindric  or  prismatic  vessel^  a 
section  of  which  is  represented  pL  2  fig.  12, 
no.  a,  raised  a  little  on  tour  feet,  that  a  chaiBng- 
tiish  with  coals  may  be  placed  beneath  it.  The 
cavity  of  this  vessel  must  be  divided  into  two 
'ts  by  a  partition  £  F,  having  in  it  a  round 
iole  about  an  inch  in  diameter:  into  this  hole  is 
inserted  a  pipe  G  H,  which  rises  nearly  to  the 
top,  and  over  the  top  is  placed  a  vessel  in  the 
ibrm  of  a  bason,  to  receive  the  water  furnished 
hj  the  jet  Another  pipe  I  K  passing  through 
the  top,  into  which  it  is  soldered  or  cemented, 
descends  nearly  to  the  partition  E  F  :  this  pipe 
may  be  made  a  little  wider  at  the  lower  extre- 
mity, but  the  upper  end  ought  to  be  some^vhat  • 
narrow,  that  the  water  may  spout  up  to  a  greater 
height.  It  will  be  proper  to  adapt  «to  the  upper 
part  of  this  pipe  a  small  stopcock  K,  by  means 
of  which  the  water  can  be  confined  till  the  air 
is  sufficiently  rai*efied  to  produce  the  jet. 

When  the  machine  is  thus  constructed,  pour 
water  into  the  upper  cavity  till  it  reaches  the 
orifice  H  of  the  tube  G  H  ;  then  place  a  chaffing- 
dish  of  burning  coals,  or  a  lamp  witl^  several 
wicks,  below  the  bottom  of  the  vessel.  By 
these  means  the  air  contained  in  the  lower  ca- 
vity will  be  immediately  rarefied,  and  passing 
through  the  pipe  G  11^  into  the  space  above  the 
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water,  contained  in  the  upper  cavity^  will  force 
it  to  rise  through  the  orifice  I  of  the  pipe  I  K^ 
and  to  spout  up  through  the  aperture  K. 

To  render  the  effect  more  sensible  and  certain, 
it  will  be  proper  to  put  a  small  quantity  of  water 
into  the  lower  cavity  ;  for  when  this  water  begins 
to  boil,  the  elastic  vapour  produced  by  it^  passing 
into  the  upper  cavity,  will  exert  a  much  greater 
pressure  on  the  water,  and  force  it  to  rise  to  a 
more  considerable  height. 

Care  however  must  be  taken,  if  the  steam  of 
boiling  water  be  employed,  not  to  heat  the  ma- 
chine too  much,  otherwise  the  violent  expansion 
•f  the  water  might  burst  it. 

PROBLEM  XVI. 

To  measure  the  degree  of  the  heat  of  the  atmo- 
sphere, Cfid  of  other  fluids.  History  of  ther- 
mometerSf  and  the  method  of  constructing  them. 

Ost.  of  the  most  ingenious   inventions,    by 
which  the  revival  of  sound  philosopliy  was  dis- 
tinguished in  the  beginning  of  the  17th  century, 
was  that  of  the  instrument  known  under  the 
name  of  the  thermometer,  so  called  because  it 
serves  to  measure  the  temperature  of  bodies,  and 
particularly  that  of  the  atmosphere,  and  of  other 
fluids,  into  which  it  can  be  immersed.     Tliis*  in- 
vention IS  generally  ascribed  to  the  Academy  del 
Cimento,    which  flourished   at  Florence  under 
the  protection  of  the  grand-dukes  of  the  house  of 
Meoici,  and  which  was  the  first  in  Europe  tlvat 
apphed  to  experimental  pliilosophy.  It  is  asserted 
also,  that  Cornelius  Drebbcl  of  Alcmaçr  in  north 
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Holland,  who  lived  at  the  court  of  James*  I.  kin  jç 
of  England,  had  a  share  in  this  invention.  .  But 
we  shall  not  here  enter  into  a  discussion  of  thiç 
point  in  the  history  of  Natural  Philosophy>  as 
it  is  foreign  to  our  design*. 

The  invention  of  the  thennometer  is  founded 
on  the  property  which  all  bodies,  and  particularly 
fluids,  hive  of  dilating  by  the  heat  which  per- 
vades them.  As  spirit  of  wine  possesses  this 
property  in  an  eminent  degree,  this  liquid  wa& 
employed  in  preference  to  any  other.  A  very 
narrow  glass  tube,  terminating  in  a  bulb  of 
about  an  inch  in  diameter,  was  filled  with  this 
liquor,  after  it  had  been  coloured  red  by  means 
of  tincture  of  tumsol,  or  orchilla  weed,  in  order 
to  render  it  more  visible.  It  may  be  easily  con- 
ceived, that  the  size  of  the  bulb  being  consider- 
able, compared  with  that  of  the  tube,  as  soon 
as  the  hquor  became  in  the  least  dilated,  it 
would  be  in  part  forced  to  pass  into  the  tube: 
the  liquor  therefore  would  be  obliged  to  ascend. 
On  the  other  hand,  when  condensed  by  cold,  it 
would  of  course  descend.    It  was  only  necessary 

*  The  first  description  of  a  theimometcr  ever  published, 
is  that  of  Solomon  de  Caux,  a  French  engineer,  in  his 
book  Des  Forces  Afouvantesy  printed  }n  1624,  i"  folio,  but 
written,  as  appears,  prior  to  that  period,  for  the  dedica- 
tion to  Louis  XIII,  is  dated  161 5,  and  the  privilege  granted 
by  that  monarch  is  of  16 14.  The  thermometer  here 
alluded  to,  acts  by  the  dilatation  of  air  confined  in  a  box, 
which,  pressing  against  water,  forces  it  to  rise  in  a  tube. 
As  Drebbers  thermometer  was  of  the  same  kind,  it  may  be 
asked  whether  his  invention  was  prior  to  that  of  Solomon 
dc  Caux  ?  This  is  a  question  which  seems  difficult  to  be 
determined.     Note  of  the  French  censor. 
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to  take  care,  that  during  very  cold  weather  the' 
iiquor  should  not  entirely  descend  into  the  bulb; 
and  thalf  during  the  greatest  degree  of  heat  to 
be  measured,  it  should  not  entirely  escape  from 
it.  Towards  the  low^er  part,  some  degrees  of 
temperature  were  inscribed  by  estimation:  such 
as  coldy  and  a  little  lower  great  cold;  towards 
the  middle  temperate^  and  at  the  top  hcdt,  and 
great  heat. 

Such  is  the  construction  of  that  thermometer 
called  the  Florentine,  Which  was  used  for  almost 
a  century  ;  and  such  are  those  still  sold  in  many 
country  places  by  itinerant  venders,  and  which 
are  purchased  with  confidence  by  the  ignorant. 

This  thermometer,  though  its  form  and  the 
greater  part  of  its  construction  have  been  retained^ 
is  attended  with  this  fault,  that  it  indicates  the 
variations  of  heat  only  in  a  very  vao^ue  and  un- 
certain manner.  By  its  means  we  may  indeed 
know  that  one  day  has  been  hotter  or  colder 
than  another;  but  that  degree  of  heat  or  cold 
cannot  be  compared  with  another  degree,  nor 
with  the  heat  or  cold  in  another  place  :  besides, 
the  words  heat  and  cold  are  merely  relative.  Ai^ 
inhabitant  of  the  planet  Mercury  would  proba- 
bly find  one  of  our  hottest  summers  exceed- 
ingly cool,'  and  perhaps  very  cold  ;  while  an  in- 
habitant of  Saturn,  if  transported  to  the  frigid 
zone  of  our  earth  during  winter,  would  perhaps 
Jfind  it  intolerably  hot.  We  ourselves,  at  the 
close  of  a  fine  day  in  summer,  experience  a  sen- 
sation of  cold,  when  removed  mto  air  much 
less  hot,  and  vice  versa. 

On  this  account,    attempts  have  been  made 
to  construct  thermometers,    by  which  the  tie- 
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greea  of  heat  and  cold  could  be  comparod  ta 
a  degree  of  heat  or  cold  invariable  in  nature  ; 
sp  that  all  thermonaeters  constructed  according 
to  this  principle,  though  by  different  artists,  in 
different  places  and  at  different  times,  should 
correspond  with  each  other,  and  indicate  the 
same  degree  when  exposed  to  the  same  tem- 
perature. This  was  the  only  method  of  making 
experiments  that  could  be  of  utility. 

This  was  at  length  accomplished  by  means  of 
the  two  following  principles,  which  were  disco- 
vered by  experience. 

The  first  is,  that  the  degree  of  the  tçmpera- 
ture  of  pounded  ice,  beginning  to  melt,  or 
of  water  beginning  to  freeze,  is  constantly  the 
same,  at  all  times  and  .in  all  places. 

The  second  is,  that  the  degree  of  the  tempera- 
ture of  bailing  \vater  is  also  constant  We  here 
^>eak  of  fresh  water  ;  and  we  suppose  also  that 
the  height  of  the  atmosphere  does  not  yary  ;  for 
we  know  that  when  water  is  pressed  with  a  greater 
weight,  it  requires  a  degree  of  heat  somewhat 
greater  than  when  it  is  less  pressed.  This  is 
proved  by  the  pneumatic  machine,  from  which 
if  apart  of  the  air  be  exhausted,  water  boils  at  a 
less  degree  of  heat  than  when  exposed  to  the 
open  air.  Hence  arises  a  sort  of  paradox,  that 
at  the  summit  of  a  mountain,  the  same  quantity 
of  heat  is  not  required  to  boil  water  as  at  the 
bottom  of  it  But  when  the  gravity  of  the  air 
is  the  same,  and  when  the  M^ater  holds  no  salt  in 
solution,  it  begins  to  boil  at  the  same  degree  of 
heat;  and  when  it  once  attains  to  that  state, 
î^  never  acquires  a  greater  egree,  however  long 
it;  aay  be  boiled. 
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These  two  constant  degrees  of  heat  and  cold, 
so  easy  to  be  obtained,  hate  therefore  appeared 
.to  philosophers,  very  proper  for  being  employed 
in  the  construction  of  thermometers.  iThe 
simplest  method  for  this  purpose  is  as  follows  : 

Provide  a  tube,  one  of  the  ends  of  which  is 
blown  into  a  bulb  of  about  an  inch  in  diameter; 
if  the  tube  be  a  capillary  one,  the  bulb  may  be 
smaller.  By  a  process  which  we  shall  describe 
hereafter,  pour  quicksilver  into  the  tube,  till  it 
rises  to  the  height  of  a  few  inches  above  the 
bulb  ;  and  then  immerse  the  bulb  into  pounded 
ice  put4nto  a  bason.  When  the  mercury  ceases 
to  fall,  make  a  mark  on  the  tube,  in  order  that 
this  point  may  be  known;  then  immerse  the 
thermometer  into  boiling  water,  and  mark  the 
point  where  the  mercury  ceases  to  rise,  which  will 
be  that  of  boiling  water.  Nothing  then  will  be 
necessary  but  to  divide  the  interval,  between 
these  two  marks,  into  any  equal  number  of  parts 
at  pleasure,  such  as  leo,  for  instance,  which 
appear  to  us  to  be  the  most  convenient  For 
this  purpose  affix  the  tube  to  a  ^mdl  piece  of 
board,  haying  a  slip  of  paper  cemented  to  it, 
and  divide  the  interval  between  the  marks  into 
the  number  of  parts  you  have  chosen  ;  if  o  be 
inscribed  at  the  point  of  freezing,  and  if  a  few 
degrees  be  marked  below  it,  your  thermometer 
wifi  be  constructed. 

Care  however  must  be  taken,  to  ascertain 
wliether  the  diameter  of  the  tube  is  unifbna 
throughout  :  for  it  may  be  easily  seen  that  a> 
Uibe  of  unequal  calibre,  would  render  the 
motion  of  the  rhercury  irregular.  For  thi^ 
purpose,  introduce  a  small  drop  of  mercury  into 
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the  tube^  and  make  it  pass  from  the  one  end  try 
the  other  ;  if  it  every  where  occupies  the  same 
length,  it  is  evident  that  no  part  of  the  tube  is 
narrower  than  another;  if  tlie  drop  becomes 
lengthened  or  shortened,  the  tube  must  be  re- 
jected as  faulty. 

Several  of  the  modem  philosophers,  with  a 
view  to  improve  the  construction  of  thermome- 
ters, have  entered  into  minute  details  iu  regard 
to  the  increase  of  volume  which  mercury  and 
spirit  of  wine  acquire,  when  they  pass  from  the 
degree  of  freezing  to  that  of  boiling  water  ;  but 
it  appears  to  us,  that  as  these  two  terms  have 
been  found  to  be  invariable,  they  might  have 
saved  themselves  the  trouble  of  entering  into 
these  considei*ations,  which  tend  only  to  render 
their  processes  more  difficult 

It  now  remains  that  we  should  describe  the 
method  of  filling  the  bulb  and  tube  with  the 
fluid  intended  to  form  the  thermometer;  and 
which,  for  reasons  to  be  mentioned  hereafter,  we 
shall  suppose  to  be  mercury  ;  for  this  operation 
is  attended  with  some  difficulty,  especially  when 
the  tube  is  very  small. 

The  first  thing  to  be  attended  to,  is  to  clean 
very  well  the  inside  of  the  tube  ;  which,  if  it  be 
not  a  capillary  one,  may  be  done  by  means  of  a 
very  dry  plug  fixed  to  the  end  ot  a  wire,  and 
then  drawn  up  and  doAvn  the  tube.  If  the  tube 
be  capillary,  it  'must  first  be  heated,  and  then 
the  bulb  :  the  air  issuing  from  the  latter  will 
expel  any  dirt  that  may  be  adhering  to  it. 

Tlie  mercury  ought  to  be  exceedingly  pure, 
or  revived  by  means  of  cinnabar;  it  must  also 
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\)e  boiled;    to  expel  the  air  which  may  be  dif* 
^  fused  through  it. 

Whetf  these  preparations  have  been  made, 
attach  to  the  summit  of  the  tube  2^  small  paper 
funnel;  apply  the  tube  to  a  chafing-dish  in  such 
a  manner^  as  to  heat  it  gradually,  and  then  heat 
the  bulb  in  the  same  manner,  till  it  cannot  be 
held  in  the  hand  without  a  thick  elore.  When  the 
thermometer  has  acquired  this  degree  of  heat,  if 
the"^  small  funnel  above  mentioned  be  filled  with 
heated  merciiry,  in  proportion  as  the  glass  cools 
the  air  will  become  rarefied,  and  afford  a  passage 
to  the  mercury  into  the  bulb,  till  it  be  in  equili- 
brium with  it.  Repeat  the  same  operatiin  to  in- 
troduce a  new  quantity  of  mercury,  and  so  on 
till  the  tube  is  full  ;  and  then  eraduate  the  ther- 
.mometer,  cxpelVmg  from  it,  by  the  means  of 
heat,  what  is  more  than  necessary  to  make  it 
reach  the  highest  point  marked  towards  the 
upper  extremity  of  the  tube,  when  immersed  in 
boiling  water.  When  this  point  has  been  fixed, 
mark  it  by  means  of  a  thread,  or  by  notchiag 
the  tube  with  a  file,  and  having  suffered  the 
thermometer  to  cool,  immerse  it  in  melting  icej 
which  will  give  the  freezing  point. 

It  may  be  readily  conceivM,  that  if  the  whole 
mercury,  during  this  operation,  should  enter  the 
bulb,  it  will  be  necessary  to  introduce  a  little 
more,  in  order  to  carry  the  point  of  boiling 
water  somewhat  higher. 

Melt  and  draw  out  the  upper  end  of  the  tube, 
by  applying  it  to  an  enameller'slamp,  and  heat  the 
mercuiy  to  such  a  degree,  as  to  make  it  ascend 
near  to  the  summit  ;  then  seal  it  iiermetically  at 


the  lamp,  and  by  these,  means,  nothing  will 
remain  in  the  upper  end  of  the  tube,  but  n 
quantity  of  air  imperceptible,  or  e^^ceedingly 
small* 

Then  affix  the  tube  to  a  board,  made  of  some 
wood  which  has  the  property  of  expanding  but  a 
very  little  in  length  by  heat  :  fir  has  thi3  property 
as:  well  as  that  of  lightness  ;  the  bulb  must  be 
insulated  from  the  board  that  the  air  may  sur- 
round it  more  freely^  and  that  it  may  not  be 
affected  by  the  heat  which  the  wood  may  ac- 
quire. 

A  question  here  naturally  arises  :  what  ki^^d  of 
liquor  is  the  best,  and  most  conveniei^t  for  con» 
structing  accurate  and  durable  thermojmeters— 
Spirit  of  wine  or  mercury  ?     . 

In  our  opinion,  this  question. is  attended  with 
no  difficulty  ;  for  all  philosophers  must  agree 
that  mercury  is  the  fittest  fluid  for  construct* 
ing  thermometers.  No  doubt  of  its  superiority 
over  spirit  of  wine  can  be  entertained  by  those 
who  consider  : 

I  St.  That  spirit  of  wine^  unless  well  dephleg- 
mated^  is  not  always  thé  same  ;  and  «who  Can 
assert  that,  in  its  different  states,  its  progress  i3 
always  the  same,  or  that  its  dilatation  is  not  dif- 
ferent at  the  same  degree  of  heat?  This  point  has 
been  determined  by  experience  ;  and  therefore 
no.  certain  comparison  can  be  made  bet  weep  dif- 
ferent spirit  of  wine  thermometers. 

2d.  If  spirit  of  wine  be  well  dephlegmated,  as 
it  then  becomes  highly  spirituous  and  volatile,  is 
it  not  to  be  apprehended  that  its  volume  m^y  be 
l^duâlly  diminished  ?  It  is  indejbd  true#  .that  to 
prevent  this  inconvenience,  the  tube  is  hermeti- 
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cally  closed  at  the  top;  biit  this  precautloû  will 
not  prevent  the  most  volatile  part  from  being 
exhaled  in  the  upper  part  of  th^  tube  ;  and  iA 
that  case  the  spirit  of  wine,  becditning  less  ez« 

Kansible,  will  remain  below  thé  de^ee  at  which 
olà^t  to  be;  and  the  same  thmg  will  take 
place  in  every  state  of  the  Spirit  of  wine^  whether 
it  be  employed  with  water,  as  is  usual,  in  order 
to  model  ate  its  dilatibility; 

3d.  Spirit  of  wine  boils  at  a  degree  of  heat  less 
than  that  of  boiling  water  ;  conseauently  it  is 
not  proper  for  ej^amining  degrees  of  heat  which 
are  greater  ;  for  beyond  ebullition  the  progress 
df  thfe  dilatation  of  any  liquor  does  not  follow 
the  same  laws  ;  because  after  that  term  it  be- 
comes volatilized,  or  is  suddenly  reduced  into 
vapour  of  a  vpluine  ^thousand  times  Greater. 

On  the  other  baxld,  spirit  of  wine,  when  united 
with  water,  is  susceptible  of  freezitog  at  a  degree 
Olf  cold  not  much  less  than  that  at  which  water 
congeals  ;  and  therefore  it  is  very  improper  for 
measuring  degrees  of  cold  inuch  below  that 
term. 

Mercury  is  attended  with  none  of  these 
defects.  This  ^bstance,  as  far  as  chemistihavé 
been  able  to  ascertain,  is  of  an  uniform  nature 
when  ^ure  ;  to  make  it  boil  requites  a  degree  of 
heat  ^  times  as  fat  distant  fVom  2ero,  or  thé 
term  o,  as  that  it  which  water  boils;  and  it 
does  not  freeiJe  but  at  a  degree  of  cold  very  far 
indeed  below  that  of  the  congielatibn  of  Mater. 

Another  advantage  of  mercury,  whether  em- 
jployed  in  thermometers  or  barometers,  is,  that 
while  in  the  zct  bf  risitag,  the  small  column  as- 
sumés a  convtk  ftrm  at  the  top>  «nd  wheii  it 
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ftlls  a,  doncave  form  :  for  this  reason^  whçn  thç^ 
summit  assumes  a  convex  form,  we  c^n  say  that 
tj^e  mercttry  is  in  the  act  of  rising  ;  and  when  it, 
become^  concave,  we  may  conclude  that  it. 
^ begins  jto  fall;  which  is:  very  convenient  for 
prognosticating  heat^  and  for  ascertaining  whe- 
ther  it  increases,  or  has  become  stationary,  or 
hM  begun  to  decrease,         ,         ■ 
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Description,^  the  most  celebrated  thermometers^  oi; 
;  those 'ckiefy  tfsed:  Method  of  reducing  the  de^ 
.  ]g9rps/ffçne/o  corresponding  degrees  of  another. 


".      N 


SEVERAL  thermometers^  ^(difFereixt  in  the  divir 
Sjon  of  tlie^r^^file,  though  constructed  on  the 
same  principle,  are  employed  in.  Europe.  As 
tlie  divisjqn  of  the  scale  is  altogether  arbitrary,  it 
i^  necessary  that  we  should  pomt  out  the  method 
of  reducing  degrees  of  the  one  to  corresponding 
degrees  of  another. 

Tliese  thermometers  are,  that  of  Fahrenheit, 
that  of  Reaumur,  that  of  Celsius,  and  that  of 
Delisle. 

The  first  of  these  thermometers  is  constructed 
witl)  mercury,  and  is  graduated  iii  a. manner 
which,  on  the  first  view^  ^V^^Y  appear  rather 
whimsical.  The  freezing  point  corresponds  to 
the  3  2d  degree  ;  and  between  this  point  and  that 
of  boiling  water  there  are  180  degrees;  so  that 
the  heat  of  boiling  water  corresponds  to  the 
2 1 2th  degree.  The  reason  qf  this  division  is, 
that   Fahrenheit    assumed,    as  the  zero  of  his 
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thermometer,  the  greatest  degree  of  cold  whicE 
he    could  produce  by  a  mixture  of  snow  and 
spirit  of  nitre  ;  having  then  immersed  his  instru- 
ment in  mehing  ice,  and  afterwards  in  boiling 
water,  he  divided  the  interval  between  these  twq 
points  into  1 8a  degrees,   which  gave  him  32  be- 
tween the  above  artificial  cold  and  that  oféom- 
mon  freezing.    Experience  has  since  shewn,  that 
it  is  possible  to  produce  an  artificial  cold  much 
more  intense  than  that  produced  by  Fahrenheit.' 
This  thermometer  is  that  generally  used  iii 
England  ;  but  it  appears  that  the  6cale  is  not  thé 
most  commodious.  It  might  however,  be  improv- 
ed by  transposing  zero  to  the  place  of  the  32^ 
degree,  in  which  case  there  would  be  iffo  de- 
grees between  the  freezing  point  arid  that  of 
boiling  water  ;  and  the  degree  now  marked  6 
in  this  thermometer,  would  be — 32,   denoting 
the  degrees  below  freezing  by  the  negative  sign 
minus.      Fahrenheit,    it    appears,  was  the  first 
person  who  employed  mercury  in  the  construe» 
-tion  of  this  instrument 

Reaumur's  thermometer  is  generally  made 
with  spirit  of  wine,  and  is  graduated. in  such  à 
manner,  that  the  degree  of  melting  ice  is  marked 
4D,  and  that  which  corresponds  to  boiling  water 
is  marked  80  ;  consequently  there  are  80  degrees 
between  these  two  points.  The  scale  below  a  is 
marked  i,  2,  3,  4,  &c  ;  and  when  these  degrees 
are  used,  the  words  below  freezing  are  added,  or 
for  the  sake  of  brevity  the  sign  — . 

DeHsle's  thermometer  is* much  used  in  the 
North;  and  for  this  reason  it  is  necessary  we 
Ciliould  make  known  the  manner  in  which  it  û 
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éiyidéi.  Deliftle  begins  hts  scale  at  the  pomt  of 
boiling  water,  and  proceeds  downwards  to  the 
freezing  point  ;  between  which  atad  that  of  boil^ 
ing  water  there  are  150  degrees  :  150  degrees  of 
Ills .  thermon^eter  correspond  therefore  td  .80  of 

.  BeeuBiur,  or  180.  pf  Fahrenheit.  4        jr. 
Ççlsips  of  I^psad^.and  Chnstin  of  Lyobs,  ^en« 
fibiç  pf  the  defects  of  spirit  of  wine»  and  findiimg 
the  division  into  80  degrees  inconvenient^   ien-> 
dea^'Dured  to  reipedy  thesis  feuits,  thy  construct^' 
}pg  a  4;hennp9)eter  with  mercury,  and  dividing 
the  interval  betwQep  the  freeesing  poih^  and  that 
pf  boiiing  ^ater  jptp  iqp.  degrees*     The  only 
diffei*en ce  .between  i^ï$,  thennometep.and  that  of 
l^auxn^ir,  is, .  that^  inercury  i»  used 'instead  of 
apiritjof  wipe,  ai^d  that  100  divisions  are  em- 
l^loyed  in  the  §ame  .sptace  in  \vhicb  Reaumur  em- 
.jploys   8p  :  one  degree  of  the  thernian>eter  of 
.Çeîsiui^  is  therefore  equal  to  4  of  a  degree  of 
th^t  of  Reaumur;  consesquenti}',  to  convert  the 
degrees  of  Celsius's  thermometer  to  correspond- 
ing degrees  of  Reaumur,  multiply  'by  4  and  dU 
vide    by  5  :    to  convert  Reaumur's  degrees  to 
those  of  Cejsius,  4  .cfontrary  operation  must  be 
employed.      To  convert  the  degrees  of  Gelsiusls 
thermometer  to  those 'Qf  Eabreriheit's,  multiply 
by  9v  then  divide /by -^  and  to-the  product  add 
3^.     To  convert  Fahrenheit's  degrees  to  ihoae 
ofrCdsius,  subtract*:3»  from  the  wumber  of  de- 
grees proposed,  and  having  multiplied  the  re- 

.  mainder  by  5,  divide  the  product  by  9. 

To  convert  degree^  oi\  Fahrenheit  into  degrees 
of  Reai.mur,  the  lollowmg  pvocws  must  be  em- 
ployed :  it'  the  degrees  of  Fahrenheit  are  above 
32,  subtract  32  frrm  them,  then  multiply  the 
femainder  by  4,  and  dividp  the  product  by  9, 
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tiie  tpiotient  will  be  tlte  corresponding  degree  of 
Reaumur's  division.  Let  the  proposed  degneo 
of  Fahrenheit,  for  example,  be  149  :  if  32  be  sub** 
tracted  from  this  number,  thit  remainder  wiii  be 
ii7t  which  multiplied  by  4,  gives  for  product 
468  ;  and  if  this  product  be  divided  by  9,  we 
shall  have  for  quotient  52,  which  is  the  corre- 
spondiirg  degree  of  Reaumur's  thertaiometen 

If  the  degree  of  Fahi'enheit  be  between  o  and 
52,  it  must  oe  subtracted  from  32  ;  tliea  multiply 
the  remainder  by  4,  and  divide  the  product  by 
9  :  the  quotient  will  be  the  corresponding  degree 
of  Reaumur's  thermometer.  In  this  manner  it 
wili  befound,  that  xi  degrees  of  Fahrenheit^xrorje- 
spond  to  84.  degrees  of  Reaumur,  below  freezing. 

Lastly,  when  the  proposed  degree  is  below  o^ 
add  it  to  31»,  and  then  proceed  as  above  directed  : 
the  quotient  will  be  the  corresponding  degree  of 
Reauftiur's  thermometer.  Thus,  it  will  be  found 
that  the  45th  degree  of  Fahrenheit,  below  o, 
correspond  to  34!-  degrees  below  o,  of  Reaumur 

ït  înay  htre  be  readily  seen,  that  to  convert 
degrees  of  Reaumur's  scale  to  the  corresponding 
degrees  of  Fahrenheit^  the  reverse  of  this  opera- 
tion must  be  performed. 

In  regard  to  Delisle s  thermometer;  it  is  evi* 
dent,  from  its  construction,  that  the  150th  de- 
gree in  its  scale,  corresponds  to  the  zero  of 
Reaumur's  scale.  If  the  proposed  degree  of 
Delîsle's  thermometer  then  be  less  than  150,  it 
must  be  subtracted  from  150:  'if  you  then  multî*- 
t^ly  by  8,  and  divide  by  15,  the  quotient  will  be 
the  corresponding  degree  of  Reaumur,  above  " 
fretting. 

Let  the  proposed  degree  of  Delisles  thermo- 
meter, for  example,  be  lao  :  if  this  number  be 
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subtracted  .from  150,  the  remainder  will  be^op 
^en  say  as  150  to  So,  or-^as  15  to  8^  so  is  30  to 
aiburtb  term,  which  will  be.  16  =  the  degree  of 
Reaumur's  thermometer,  above  o  or  the  freezing 
point.  .     • 

If  the  degree  of  Delisle's  thermometer  exceeds. 
150,  as  if  it  he  190,  for  example,  subtract  15e 
from  it,  which  will  leave  for  remainder  40  ;  then 
ihake  use  of  this  proportion,  as  15  is  to  8,  so  is 
40  to  21 4-j  which  will  be  the  degree  of  Reaumur  s 
thermometer,  below  6,  corresponding  to  the  igotU 
degree  of  Delisle's  thermometer. 

As  it  will-  be  easy  to  perform  the  reverse  of 
this  operation,  in  order  to  convert  the  degrees 
of  Reaumur's  thermometer  into  those  of  Delisle's^^ 
more  examples  are  needless.    • 

It  is  certainly  much  to  be  wished  that  all  phi- 
losophers would  agree  to  employ  only  one  kind 
of  thermometer,  that  is  to  say,  constructed  in 
the  same  manner  with  mercury,  and  having  the 
same  scale.  In  regard  to  the  latter,  there  can 
be  no  doubt  that  the  division  of  100  parts,  be- 
tween the  freezing  point  and  that  of  boiling 
water,  would  be  preferable  to  any  other,  as 
decimal  divisions  are  attended  with  many  adi» 
vantages  in  regard  to  facility  of  calculation*. 
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Construction  of  another  kind  of  thermometer,  which 
measures  heat  by  the  dilatation  of  a  bar  of  metal^ 

The  property  which  all  metals  have  of  dilating 

♦  The  French  have  adopted  this  division,  and  the  ther- 
mometer divided  in  this  manner  is  called  the  centigradeti 


by  heat,  serves  as  a  principle  for  the  construction 
of  another  thermometer,  exceedingly  useful,  as 
much  greatejr  degrees  of  heat  can  be  measured 
by  it  than  by  other  thermometers  ;  for  a  spirit  of 
vine  thermometier  cannot  measure  a  degree  of 
heat  greater  than  that  acquired  by  spirit  of  wine 
in  a  state  of  ebullition  ;  and  a  mercurial  thermo<* 
ipeter  cannqt  measure  any  degree  of  heat  greater 
than  that  of  boiling  mercury.  It  was  perhaps 
for  this  reason  tliat  Newton  employed,  in  his. 
thermometer,  linseed  oil  ;  for  it  is  well  known  that, 
fat  oils,  b^re  they  are  brought  to  ebullition, 
require  a  degree  of  heat  much  greater  than  that 
which  fuses  the  greater  part  of  the  metals  and 
semi-metals,  such  as  lead,  tin,  bismuth,  &c. 

Muschenbroeck  is  the  inventor  of  this  newx 
kind  of  thermometer,  called  also  Pyrometer.  Its 
construction  is  as  follow^.  * 

If  we  suppose  â  small  bar  of  metal,  12  or  15 
inches  in  length,  made  fast  at  one  of  its  extre- 
mities, it  is  evident,  that  if  it  be  dilated  by  heat, 
it  will  become  lengthened,  and  its  other  extremi*» 
ty  will  be  pushed  forwards.  If  this  extremity, 
tiien  be  afiixed  to  the  end  of  a  lever,  the  other 
end  of  which  is  furnished  with  a  pinion  adapted 
to  a  wheel,  and  if  this  wheel  move  a  secona  pi- 
nion^ the  latter  a  third,  and  so  on,  it  will  be  evi« 
dent  that,  by  multiplying  wheels  and  pinions  in 
*  this  manner,  the  last  one  will  have  a  yery  sensi** 
ble  piotion  ;  so  that  the  moveable  extremity 
of  the  small  bar  cannot  pass  over  the  hundredth 
or  thousandth  part  of  a  line,  without  a  point  of 
the  cifcun^.ference  oV  the  last  wheel  passing  over 
several  incites. .  If  this  circumference  then  have 
teeth  fitted  into  a  pinion,  to  which  an  index  is 


afiî'x^>  thîà  index  wîll  make  several  rèvolàtîonç> 
ifr-hen  the  dHatatîoh  6f  thè  bar  airiotints  only  tô  a' 
qhMtitf  aUiôgèther  însehsible.     Thé  portîofas  of 
this  #éYOlùtibh  thén  tnay  bfe  measured  on  a  dial- 
plat^,  divided  into  equal  parts  ;  àîtd  by  fiieans  of 
die  ratio  V^hich  the  wheels  bear  W  tltt  tiiirions, 
the  'absoltrte  quantity  which  a  certain  dejçree  of 
heàt  ftiày  have  made  the  small  bar  to  dilate,  can 
be  aseertainéd  ;  or,  by  the  dilatation  bf  the  bar, 
lA\e  degree  of  héiic  ^Hich  has  been  applied  toit 
Hiay  be  dëtermifaéd. 

î§ach  ià  the  c6nSltrufctl6h  of  MtfscTfitihbfoefcks 
fytùrèleV^t  It  ià  inécéssary  tty  bbstervt,  that  à 
sIMll  cUtt  ÎS  kdapttd  to  the  machîrté,  in  order  to 
receive  the  liquid  or  fused  matter*,  subjected  to 
é*pic*rhlii?nt,  and  ita  i^hibh  the  bar  to  be  tried  is. 
ihfitaertëd. 

When  it  is  required  to  measiire,  by  this  in- 
sitruYtteftl,  i  éôn^idèfkhle  degree  ef  heat,  suph  as 
that  ëf  teoîling  oil  ar  fused  metal,  fill"  the  cup' 
with  the  matter  to  hé  trifed/and  immerse  the  bar 
of  iiVin'  Into  it.  Thé  dilatation  of  the  bar,  indi- 
câtéd  by  the  tUi^ing  of  thé  index,  will  point  out 
the  degree  of  heal  it  has  assumed,  and  which 
ifeust  necessarily  be  fequal  to  that  6f  the  matter 
hito'whifch  it  is  immersed. 
•'This  riiafchine  sèrv^  to  détermine  the  ratio  of 
the  dilatation  of  metals;  for  by  substituting,  in 
the  room  of  the  pyrdmetric  bar,  othef  metallic 
bars  of  the  same  letigtli,  and  then  exposing  theft 
to  an  equal  degree  of  heat,  the  ratios  of  their  di- 
ktation  \ti\l  be  shewn  by  thcpiotion  of  thie  index. 
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A  Tablé  ^'  tke  tkfftrènù  dtgrtés  o/.  ii/ià^  at^^hiçh 
different  matters  begin  to  meltj  tojreezç^  or  to 
aiter  into  ebullition^  according  to  the  thermome-^ 
ters  of.  Fahrenheit,  Reatwfur,  and  CeUius^ 


Names  of  the  Matters. 


Mefcurj  congeaLi 

Mercury  boila       ... 

Abater  freezes      -         -  . 

y^^tsc  boils 

Rectitied  spint  of  wine,  freezes  .» 

T(ie  same  boils     .        - 

Brandy  consUilng  of  equal  ports 

tptrit  and  water  freezes 
The  same  boils      -         .  • 

Yf^ter  saturated  whh  marine 

Sfilt  boils 
Uxivium  ofwood  ashes  bolls    • 
Burgundy,  Bourdeaux^  &c,  wine 

freeze  -  -  - 
Spirit  of  nitre  freezes  - 
The  same  boils  •  '  - 
Wax  melts  -       "  - 

Butter  melts 

Oil  of  turpentine  begî^is  to  Ixnl 
dive  oil  becomes  fixed  - 
Eape-seed  oil -bolls  and  is  ready 

to  inflame         -        »- 
Tin  fused     ---.'. 
Lead  fused 
^Iwnuth  ditto   '  - 
Regains  of  ^ntiipoz)^  di^tn 


•  •  » 


«i. 


of 
Fabtenlieit* 


•  39 
708 

32 

•  7 
*99 

318 
S40 

ao 

•—  46 
343 
•  *  T43 
80  to  90 

;  J60 
43 


of      f      of 
Jleaumur.  )    Celsim. 


-3H 

309 

o 
80 

70 

&>$. 
9*i 


—  39i 

375 
o 

too 

7a_ 

-«If 
874 

a 

"4 

—7i 


■  ^% 

408 

Si?. 
460 


—  33 

93f  t    ««6 

ai  toîir"WJWJa 
37*""' 


234 

i 

298 

I 

226^ 

15,0 
344'. 


70 
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Table  of  the  different  degrees  of  heat  or  cold 

observed  in  various  parts  rf  the  earthy  or  in  cer-^ 

tain  circumstances^  w  in  consequence  of  certain 

operations^  according  to  Reaumur's  thermometer. 

Constant  heat  of  the  vaults  below  the 

observatoiy  of  Paris 
Heat  at  which  chickens  are  hatched     - 
at  which  silk-worms  are  hatched 
for  an  orangery      -  -  - 

for  pine-apples       -  -  - 

for  the  chamber  of  a  sick  person 
for  a  stove    -         -  -  - 

of  the  human  skin 


Degrees. 

35 

15 
18 

12 

29  to  20 


of  the  interior  of  the  human  body  3 1 


Fever  heat 

Heat  observed  at  Paris  in  1753  " 

■  at  Senegal 

— — — — —  in  Syria  in  1736 
•—-———  at  Martinico 
Cold  observed  at  Paris  in  1766- 
■  in  1740  - 

: —  in  1754. 

1 ■  in  1767  - 

— in  1768  - 

■  in  1709- 

in  1776- 


at  Petersburgh  December  1759 


32  to  40 
soi 

37 

35 
32 

9i 

12 
13 

i54v 
164 

33t 


December  1772    —  50 


-  at  Tomeo  in  1737  - 

— at  Quebec  .  3  - 

'  at  Upsal  in  1733  - 

atKiringainSiberiaini738 

(See  Flora  SibericaJ    -  -  - 
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HjL-RLtof  the  ratio  of  the  dilatation  of  metals  bg 
heat,  according  to  Mr.  Etlicot. 

Jfames  of  Reipectîve 

Metais.  Dilatatloa. 

Gold        -        -        -        -  73 

Silver        -        -         -        -  103 

Copper    -        -        -        -  89 

Similor     -         -         -         -  95 

Iron         -         -        -         -  t)o 

Steel         -        -        -        -  56 

Lead         -         -        -        -  149 

Tin           -        ...  148 
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•BSERVATIOXS  ON  THE  PRECEDING  TABLES. 

I.  The  first  observation  we  shall  here  make, 
is  on  the  congelation  of  mercury  by  an  extraor- 
dinary degree  of  cold.  This  singular  experi- 
ment was  made,  for  the  first  time,  at  PetersburgU 
in  the  month  of  December  1759,  and  deserves 
that  we  should  here  give  a  particular  account 
of  it 

The  cold  having  become  very  intense  in  that 
city,  in  the  month  of  December  1759,  Mr.  Braun 
embraced  that  opportunity  of  making  some  ex-^ 
periments  on  the  artificial  cold  that  could  be  pro- 
ducedy  assisted  by  its  means.  He  put  into  a  glass 
vessel  snow  already  cooled  to  208  degrees  of  De- 
lisle's  thermometer,  or  31  degrees  of  Reaumur, 
and  having  cooled  to  the  same  degree  good  fum- 
ing spirit  of  nitre,  he  poured  it  upon  the  snow. 
He  then  immersed  in  the  mixture  the  bulb  of  a 
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thermometer,  so  constructed  that  the  scale  of  it 
éKteffded  about  '6000  desfrees,  both  above  and 
"^below  zero,  which  in  Delisle?s  thermometer  is 
the  point  of  boil\ng  water,  and  saw  wirh  astonish- 
ment the  mercury  rapidly  descend  to  the  470th 
degree  below  that  term.  The  mercury  having 
then  stepped,  Mr.  Braun  shook  the  thermometer 
and  found  that  the  mercurj^  had  no  motion.  He 
broke  the  bulb,  and  found  that  the  mercury  was 
completely  frozen.  This  experiment  was  repeat- 
ed either  the  same  day,  or  on  the  a6th  of  Decem- 
ber, whçn  the  natural  cold  was  still  more  intense, 
and  the  mercury  fell  to  the  213th  degree  of  De- 
lisle's  thermometer,  or  the  33d  of  Reaumur.  Se- 
veral of  the  Academicians  of  Petersburgh  were 
present  at  the  latter  experiment,  and  confirmed 
the  truth  of  it  The  small  ball  of  congealed 
mercury  was  hammeçed,  and  it  appeared  to  have 
the  ductility  of  lead. 

One  thing  very  singular,  and  which  Mr.  Braun 
remarks  with  astonishment,  is,  that  in  several  of 
these  experiments,  the  mercury  fell  with  mode- 
rate velocity  from  the  point  of  the  temperature 
of  the  air  to  that  of  470  degrees  below  zero  ;  but 
when  it  reached  that  term  it  fell  at  once  bèlbw 
the  600th  degree,  without  the  bulb  of  the  ther- 
^aometer  being  broken. 

This  phenomenon,  in  our  opinion,  is  nearly 
tlie  inverse  of  that  which  takes  place  in  the  con- 
gelation of  water.  It  is  well  known  that  in  pro- 
portion as  water  coqIs,  it  diminishes  in  volume; 
but  when  it  reaches  the  degree  of  congelation, 
it  suddenly  increases  in  volume,  so  that  if  a  thcr- 
inometer  were  constiucted  with  pure  water,  it  is 
probable  the  water  would  first  fall,   and   then 
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sûdàenlyrise,  or  burst  the  ball  of  the  thermometer. 
This  is  an  effect  of  the  new  arrangement  of  the 
partk^wûich  takes  place,  with  a  force  almost  irre- 
sistrbte,  at  the  moment  when  they  are  all  in  contact. 

But  thçre  i»  reason  to  think,  that  in  mercury 
the  contrary  is  the  case  ;  that  is  to  say,  when 
cooled  to  such  a  degree  that  its  component  parti- 
cles are  almost  in  contact,  they  suddenly  arrange 
themselves  in: a  certain  form  by  their  mutual  at- 
traction, and  this  form  is  apparently  such,  that 
in  this  disposition  they  must  occupy  less  volume, 
as  those  of  water  occupy  more. 

But,  however  this  may  be,  it  is  conârmed  by 
the  experiment  of  Mr.  Braun;  that  mercuiy  is 
only  a  metal  kept  in  a  state  of  fusioa  by  a  degree 
of  heat  much  less  than  that  which'' fn8«:e8  water, 
and  a  multitude  of  other  liquors.  We  must  even 
remove  it  from  the  class  of  semi-metals,  and  rank 
it  among  the  number  of  real  metals.  .  '■     ■' 

•We  find  also,  in  this  experiment,  the  reason 
Avhy  mercury  is  the  most  volatile'of  .the  mstalsi 
Since  the  degree  of  heat . necessary  tctklaep  it  kà 
fusion,  is  so'  far  below  that  which  melts 'ice^  it 
"  needs  excite  no  aistonishment  .that  at  itlie  500!^ 
degree  of  Reaumur's  thennomet^r  it  •'begins  Jta  îbt 
volatilised  ;  for  this  degree  is  about, inie  500th 
above  that  which  keeps  it  ia  a -state  of  fusion: 
in  regard  to  it  this  degree  is  almost  the  same  as 
the  600th  would  be  to  lead,  or  the  1200th  to 
copper  &c.  .       / 

IL  Another  reimark  is,  that  the  degree  of  wa- 
ter J)eginning  to  freeze  is  indeed  fixied;  but  tlie 
case  is. not  entirely  the  same  with  that  of  boiling 
water.  It  has  beeii  found  that  the  more  watier 
is  charged  with  the  weight  of  the  atmosphere^ 
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the  greater  is  the  degree  of  heat  necessary  to 
make  it  boîL  Hiis  was  remarked  by  M.  le  Mon* 
Bier>  who  foimd  at  the  summit  of  the  Canigou 
that  boiling  waier  raised  the  th^mometer  only  to 
the  78th  degree.  This  has  been  since  prov^  by 
other  philosophers^  such  as  M.  de  Secondât,  the 
son  of  the,. celebrated  Montesquieu»  on  the  Pic 
du  Midi,  one  of  the  highest  mountains  of  the  Py- 
renees, and  by  Mr.  Deluc  on  a  mountain  still 
higher.  Water  has  also  been  made  to  boil  un* 
der  the  receiver  of  an  airpump^  at  a  degree  much 
below  the  8oth  of  the  thermometer  :  this  effect 
may  be  produced*  by  partly  evacuating  the  air. 
It  is  therefore  necessary  that  this  degree  of  the 
thermometer  should  be  fixed^  taking  mto  consi* 
deration  the  hfeight  of  the  barometer;  and  in 
rectified  and  comparative  thermometers,  of  which 
we  have  heard^  the  80th  degree  is  that  which  in-  ' 
dicates  boiling  water  when  the  height  of  the  ba- 
rometer, is  27  inches,  Paris  measure,  or  28*8  Elng- 
lishinclies  :  :thié  is  what  we  ought  to  imderstaml 
by  the  degree  of  boiling  water. 
.  It  has  been'  found  also,  that  the  thinnest  li- 
quors botl  at  a  degree  of  heat  less  than  water  ; 
vhl  that  fat  oils  require  a  much  greater  degree. 
,.  Hi.  We  have  rectified,  according  to  the  ob- 
servations of  DeUic,  or  observations  made  at  his 
request,  the  temperature  of  the  vaults  of  tlie  ob- 
servatory at.  Paris,  which  is  not  10  as  commonly 
said,  but  9 1  at  most.  We  have  rectified  also  by 
•the  observations  of  M.  Braun^he  degree  of  boiling 
mercury  which  ^is  generally  placed  at  the  5ooth 
jdegiee  of  Eahrianheit,  but  which,  according  to 
that  philoaophoryis  the  708th  or  709th. 
.     IV.  In  theiabie  of  the  dilatation  of  metals,  it 
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is  seen  that  steel  is  that  which  dilates  the  least 
by  heat;  the  next  is  iron,  and  the  next  to  that 
is  gold.  Lead  and  tin  dilate  the  most.  It  ap* 
pears  also  by  this  table^  that  the  dilatability  does 
not  follow  the  ratio  of  the  specific  gravities,  nor 
that  of  the  ductility,  nor  of  the  strength  of 
these  metals  :  there  are  even  irregularities  in  their 
dilatations^  on  which  account  it  is  to  be  wished 
that  a  greater  number  of  experiments  were  made 
on  this  subject,  and  in  a  more  correct  manner. 

REMARK. 

It  is  rather  matter  of  surprise^  that  M.  Mon* 
tucla  has  taken  no  notice  of  the  accounts 
of  the  freezing  and  fixing  of  mercury,  in 
the  Philos.  Trans,  for  the  year  1783,  especially 
as  the  errors  of  M.  Braun  concerning  this  mat- 
ter are  there  corrected,  and  the  degree  of  cold 
at  which  it  freezes  is  ascertained  by  many  differ- 
ent persons,  both  by  natural  cold>  and  by  arti- 
ficial mixtures,  with  perfect  satisfaction  :  It  is 
there  proved,  that  the  decree  of  cold  at  which 
mercury  freezes,  is  — 39  ot  Fahrenheit,  or  39®  be- 
low o  in  that  scale.  It  is  also  shewn,  that  the  ex- 
traordinary degree  of  depression  of  thermome- 
ters accompanying  frozen  mercury^  which  deceiv- 
ed M.  Braun,  and  some  other  persons,  is  owing 
to  the  sudden  contraction  of  mercury  in  the  act 
of  freezing,  and  after  it  ;  contrary  to  the  nature 
of  water,  which  expands  and  enlarges  in  the 
same  circumstances.  Hence  it  happens  that 
congealed  mercury,  becoming  more  dense  and 
compact,  sinks  in  fluid  mercury,  while  common 
ice^  or  congealed  water,  floats  in  that  fluid* 
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PROBLEM  XIX. 

JVkat  is  the  cause  of  the  in  te  fisc  and  almost  conttnu» 
at  cold  experienced  on  the  tops  of  high  mountains^ 
and  even  of  those  situated  in  the  torrid  zone  ;  while 
it  is  hot  m  the  neighbouring  plains  or  valleys  ? 

The  cold  experienced  on  high  mountains, 
ivhile  the  neighbouring  plains  are  exposed  to 
the  most  violent  heat,  is  a  phenomenon  which 
has  long  excited  the  attention  of  philosophers. 
It  is  now  known  that  one  of  the  hottest  climates 
in  the  worid  is  the  coast  of  Peru,  and  yet  those 
who  gradually  ascend  the  Cordilleras  from  it, 
observe  that  the  heat  progressively  decreases,  so 
that  when  they  have  got  to  the  valley  of  Quito, 
at  the  height  of  about  1400  toises  above  the  le- 
vel of  the  sea,  the  thermometer,  in  the  course  of 
the  whole  year,  scarcely  rises  13  or  14  degrees 
above  zero.  If  they  ascend  still  higher,  this 
temperature  is  succeeded  by  a  severe  winter,  and 
when  they  get  to  the  perpendicular  height  of 
about  ^400  toises,  they  meet  with  nothing,  even 
under  the  equinoctial  line,  but  eternal  ice. 

Some  philosophers  have  asked  how  this  is  pos- 
sible. In  proportion  as  they  rise  above  the  sur- 
face of  the  earth,  they  approach  the  sun,  conse- 
quently his  rays  ought  to  be  warmer  ;  and  yet 
they  experience  the  contraiy.  Some  have  thence 
concluded  that  the  rays  of  the  sun  are  not  the 
principle  of  the  heat  which  we  experience  ;  for  if 
they  are,  say  they,  how  comes  it  that  they  have 
less  activity  exactly  in  the  place  where  they 
ought  to  have  more  ?  This  paradox  we  shall  en- 
deavoar  to  explain. 
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It  must  first  be  observed,  that  when  people  as- 
cend to  the  height  of  some  thousands  of  yards 
above  the  surface  of  the  earthy  it  is  wrong  for 
them  to  conclude  that  the  rays  of  the  sun  ought 
to  have  more  activity  there  than  at  the  surface. 
ITiis  difference  would  be  insensible,  even  if  they 
should  ascend  to  a  height  equal  to  the  earth's  semi- 
diameter,  or  some  thousands  of  miles;  for  the  sun 
being  at  the  distance  of  22000  semi-diameters  of* 
the  earth,  and  as  the  heat  of  the  sun's  rays  in- 
creases in  the  inverse  ratio  of  the  squares  of  the 
distances,  the  direct  heat  of  the  sun  at  the  height 
of  a  semi-diameter  of  the  earth,  will  be  to  that 
experienced  at  the  surface,  as  the  square  of  21999 
to  the  square  of  21998;  a  ratio  which  will  be 
fouud  to  be  that  of  10999  ^^  10998,  or  of  iiooo 
to  10999  ;  so  that  the  heat  would  be  only  one 
iioooth  part  less  at  the  surface  than  at  the 
distance  of  the  earth's  semi-diameter  above  it,  a 
difference  quite  insensible.  What  then  can  be 
the  difference  at  the  height  of  four  or  five  thou- 
sand feet  above  the  surface  of  the  earth  ?  cer- 
tainly nothing,  and  therefore  no  attention  ought 
to  be  paid  to  it. 

But  there  arc  very  sensible  physical  causes,  in 
consequence  of  which  bodies  are  less  susceptible 
of  heat,  and  while  on  those  elevated  parts  of  the 
earth  retain  it  a  shorter  time  than  when  they  are 
nearer  the  surface.  It  is  certain  that  the  heat 
which  we  experience  at  the  surface  of  the  earth, 
is  not  merely  the  etfect  of  the  direct  heat  of  the 
sun,  but  of  several  causes  united. 

These  causes  are,  ist.  the  mass  of  the  heated 
bodies,  which  retain  longer  the  heat  they  have 
received^  according  as  they  are  denser  and  more 
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voluminous  :  hence  the  terrestrial  bodies  retain, 
even  in  st  great  measure  thro\ighout  the  night, 
the  heat  communicated  to  them  during  a  fine 
.  summer's  ^ay.  The  day  after  this  they  receive 
another  accession  of  heat  by  the  presence  of 
the  sun  ;  and  so  on  in  succession. 

ad.  The  air  being  more  dense  in  the  plains 
and  valleys,  it  retains  a  greater  portion  of  the 
^leat  it  receives  in  the  day-time,  and  prevents 
the  dissipation  of  the  heat  communicated  to  the 
tarth.  For  this  reason,  the  heat  continually  in* 
creases  in  the  lower  grounds,  as  the  sun  rises 
above  the  horizon  ;  but  on  the  summits  of  the 
mountains  the  case  is  not  the  same. 

In  the  first  place,  the  air  in  those  high  regions 
is  much  rarer  than  at  the  surface  of  the  earth. 
No  sooner  is  the  sun  sunk  below  the  horizon, 
than  it  loses  the  heat  it  received  in  the  course  of 
the  day;  for  every  person  must  have  observed, 
that  a  diense  body,  such  as  a  piece  of  money,  re- 
tains heat  longer  than  a  body  of  little  density, 
such  as  a  bit  of  cloth.  If  you  approach  a  large 
fire,  ajid  stand  some  time  before  it,  you  will  find 
the  money  in  your  pocket  burning  hot  ;  if  you 
i^ctire,  it  will  be  in  this  state  for  a  long  time, 
while  your  clothes  will  retain  only  a  common 
degree  of  heat.  Hence,  the  small  quantity  of 
heat  which  the  thin  air  of  the  mountains  has  re- 
ceived in  the  course  of  a  summer's  day,  is  soon 
dissipated  :  it  is  not  accumulated  there  as  in  the 
lower  regions,  where  the  contact  also  of  dense 
terrestrial  bodies,  violently  heated^  contributes 
to  maintain  it  in  that  state:  In  the  second 
place,  the  exceedingly  high  insulated  peaks 
of  these  mountains  are  only  small  masses,  whca 
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compared  with  the  vhole  of  the  terrestrial  bodies 
in  the  plains  and  the  valleys.  If  they  arc 
heated  to  a  certain  point,  the  heat  they  have 
received  is  speedily  evaporated  ;  and  this  evapo-^ 
ration  is  promoted  by  the  coolness  of  the  sur* 
rounding  air,  which  is  lowered  to  the  tempera- 
ture of  ice,  almost  as  soon  as  the  sun  has  set 

Hence  it  may  be  easily  conceived  that  the 
air,  which  surrounds  high  mountains,  acquires 
onlv  in  a  very  transient  manner  a  certain  degree 
of  heat  ;  that  it  is  almost  always  below  even  the 
temperature  of  ice;  that  on  this  account  ail 
the  aqueous  meteors  there  formed,  are  converted 
into  snow  and  ice  ;  that  when  a  certain  mass  is 
once  formed,  it  will  oppose  the  introduction  of 
heat,  either  into  the  surrounding  air,  or  into  the 
parts  which  it  covers  ;  and  this  new  obstacle  will 
tend  to  increase  the  cold  and  the  mass  of  the  ice. 
In  this  manner  have  been  formed  those  accumu- 
lated masses  of  snow  and  ice  which  cover  the 
summits  of  the  Cordilleras,  as  well  as  some  parts 
of  the  Alps  and  the  Appenines  ;  in  short;  all 
those  mountains  of  the  universe  whose  height 
exceeds  a  certain  limit,  which  in  the  torrid  zone 
is  about  2400  toiscs  perpendicular  elevation  above 
the  level  of  the  sea. 

We  must  here  remark  that  this  height  is  less 
as  the  latitude  is  greater:  thus,  in  the  torrid 
zone,  you  must  ascend  to  the  height  of  2400  or 
2500  toises  to  arrive  at  those  regions  of  perpe^ 
tual  ice  ;  but  in  the  temperate  zone,  for  example^ 
these  eternal  glaciers  will  be  met.  with  at  the 
height  of  14  or  1500  toises.  The  commence- 
ment of  those  found  in  Swisserland,  according 
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to  the  tneasurctnent  of  Mr.  Deliic,  is  at  the 
height  of  1 500  toises  above  the  level  of  tl>e  Me- 
diterranean ;  and  on  proceeding  farther  north 
they  will  be  found  nearer  the  level  of  the  sea. 
Tlie  glaciers  df  Norway  are  certainly  less  ele- 
Yate4  tlian.  those  of  Swisserland.  In  short,  in 
the  frigid  zone  that  region  of  continual  ice  is  at. 
the  surtace  of  the  earth.  Hence  it  happens  that 
in  those  regions  the  ice,  as  is  well  known,  never 
melts.  Both  the  arctic  and  antarctic  poles  are 
surrounded,  to  the  distancé  of  several  hundreds 
of  leagues,  with  circular  bands  of  ice  ;  which,  ac- 
cording to  every  probability,  exclude  all  hope 
of  ships  being  ever  able  to  traverse  the  frozeu 
ocean,  in  order  to  proceed  through  the  seas  of 
China  and  Js4>an  to  the  passage  known  to  exist 
between  Asia  and  America. 

PROBLEM  XX* 

Of  the  attenuation  of  which  some  matters  are  sus^ 
ceptible  :  Calculation  of  the  length  to  which  an 
ingot  of  silver  may  be  xvire-^drawn^  and  of  the 
thickness  of  gilding. 

We  shall  not  here  'examine  the  question 
which  has  so  much  engaged  the  attention  of 
philosophers,  whether  matter  be  divisible  or  not 
ad  infinitum:  To  resolve  this  question,  it  would 
be  necessaiy  to  be  acquainted  with  the  ultimate 
molecular  or  elements  of  bodies,  which  in  all 
probability  are  placea  beyond  our  reach.  But 
nature  and  art  present  to  us  some  instances  of 
the  attenuation  of  matter,  which,  if  they  do  not 
prove  its  divisibility  ad  infinitum,  prove  at  least 
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that  the  boundaries  of  this  division  are  removed 
beyond  what  the  imagination  can  conceive. 

The  ductility  of  silver  and  gold  supplies  us 
with  two  of  those  examples  furnished  by  art. 
An  ounce  of  gold  is  a  cube  of  54-  lines  on  each 
side  ;  so  that  one  of  its  faces  will  consequently 
cover  about  27  square  lines.  This  cube,  a  gold- 
beater reduces  into  leaves,  which  all  together, 
would  cover  146  square  feet.  But  27  square 
lines  are  contained  11 1980  times  in  146  square 
feet  ;  consequently  the  thickness  of  this  gold 
leaf  is  the  111980th  part  of  54-  lines,  or  the 
a  1554th  part  of  a  line. 

but  we  can  go  still  farther  ;  for  this  attenua- 
tion is  nothing  in  comparison  of  the  following. 

A  cyVmdric  ingot  of  silver,  weighing  45  marcs^ 
about  22  inches  iu  length,  and  15  in  breadth,  i» 
covered  with  six  ounces  of  gold  reduced  to  gold* 
leaf.  The  thickness  of  the  gold  in  this  state^ 
called  gilding,  is  about  the  15th  part  of  a  line» 
But  only  one  ounce  of  gold  may  be  employed; 
and  in  this  case  the  thickness  of  the  gilding  will 
be  only  the  90th  part  of  a  line. 

The  ingot  thus  gilt  is  made  to  pass  through 
several  holes  in  succession,  each  smaller,  than 
the  other,  till  it  is  reduced  to  a  wire  of  the 
thickness  of  a  hair.  M.  Reaumur  took  a  wire  of 
gilt  silver,  drawn  out  in  this  manner,  and  having 
weighed  half  a  gros  of  it,  with  the  greatest  nice- 
ty, measured  its  length,  which  he  found  to 
be  202  feet  :  whence  it  is  easy  to  conclude  that 
the  gros  must  have  been  404  feet  in  length  ;  the 
ounce  2232,  the  marc  23856,  and  the  45  marcf 
1^163520  or  96  leagues  of  2000  toises  each.  Here 
then  we  have  an  ingot  of  silver,  22  inches  ia 
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lengthy  drawn  out  in  such  a  manner^  as  to  form 
a  vire  of  96  leagues  in  length. 

Nay  more,  this  gilt  wire  is  made  to  pass  bcn 
ttreen  two  rollers  of  polished  steel,  to  flatten  it^ 
and  reduce  it  to  a  thin  plate.  This  operation, 
by  rendering  it  4»  of  a  line  in  breadth,  length- 
ens it  a  seventh  part  more  at  least  ;  so  that  the 
^wire  by  these  means  is  converted  into  a  thin 
plate  no  leagues  in  length,  with  the  thickness 
of  the  256th  part  of  a  line.  In  regard  to  the 
gold,  it  will  be  found  that  its  thickness  is  only 
the  59000th  part,  and  even  the  Ôooooth  part  of 
a  line. 

Thus,  if  we  sifpposc  the  ingot  of  silver  to  have 
been  gilt  with  two  ounces  of  gold,  its  thickness 
would  be  the  175000th  part  of  a  line;  and  sup- 
posing only  one  ounce  of  gold,  the  thickness 
would  be  the  350000th.  But  as  there  are  some 
places  of  the  plate  unequally  gilt,  if  we  suppose 
that  these  are  a  half  less  than  the  rest,  it  will  be 
found,  that  the  thickness  of  the  latter  will  be 
only  one  525000th  of  a  line. 

Lastly,  it  is  well  known  that  this  plate  may 
be  nvade  to  pass  a  second  time  under  the  steel 
rollers,  bringing  them  nearer  to  each  other,  in 
such  a  manner  as  to  render  its  breadth  double  ; 
hence  it  follows  that  in  the  latter  state  there  are 
parts  of  the  gilding  where  its  thickness  is  only 
the  looooooth  part  of  a  line  ;  which  is  in  the 
same  proportion  as  a  line  is  to  the  length  of 
1200  toises,  or  half  a  league. 

It  is  however  certain  that  these  gold  particle?? 
have  mutual  adhesion  and  continuity;  for  if 
this  silver  wire  be  immersed  in  aquafortis,  the 
silver  will  be  dissolved  and  the  gold  will  remain 
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fike  a  small  hollow  tube.  Lastly,  if  the  gilding 
be  viewed  through  a  microscope,  no  trace  of  dis- 
continuity will  be  observed. 

As  the  ductility  of  gold  is  far  greater  than 
that  of  silver,  a  much  longer  wire  might  bo 
made  with  an  ingot  of  gold  of  the  same  weight-, 
But  can  we  believe  what  is  related  by  Muschen- 
broek  on  this  subject?  This  philosophpr  says, 
that  an  artist  of  Augsbourg  made  a  gold  wire, 
weighing  only  a  grain,  which  however  was  500 
feet  in  length.  He  could  therefore  have  made 
a  gold  wire  a  league  in  length,  and  weighing 
only  a  dram,  or  the  third  ot  a  ^ros  ;  a  wire  24 
leagues  in  length  would  have  weighed  only  one 
ounce  ;  and  with  a  pound  of  gold  he  could  hav6 
made  a  wire  192  leagues  in  length.  A  wire  of 
this  size,  capable  of  encompassing  the  globe  of 
the  earth,  would  have  weighed  only  about  50 
pounds. 

But  we  can  shew  that  a  thread,  the  work  of  an 
insect,  surpasses  in  fineness  the  wire  ascribed  to 
the  artist  of  Augsbourg.  It  has  been  observe 
that  a  single  thread  of  silk,  360  feet  in  length, 
weighs  a  grain  ;  24  grains  therefore  will  give  1440 
toises,  and  36 grains  a  league  of  2160  toises:  aà 
ounce  of  this  thread  will  extend  16  leagues,  and 
a  pound  128  :  in  short,  a  thread  of  this  kind  at- 
pable  of  encompassing  the  globe  of  the  earth, 
would  weigh  no  more  than  70  marcs,  or  35 
pounds.  We  shall  here  add,  that  the  thread  ctf 
a  spider  s  web,  which  is  much  finer  and  light^er 
than  the  thread  of  a  silk-worm,  of  the  same 
length  as  the  above,  would  weigh  only  two 
marcs,  or  one  pound. 
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PROBLEM  XXZ. 

Cmthtuation  of  the  same  subject:  Division  of 
matter  in  ike  solution  of  bodies,  and  in  odourt 
and  light. 

But  new  subjects  of  admiration  present  them- 
selves to  us  in  the  prodigious  smallness  of  some 
parts  of  matter  :  these  Ave  shall  here  add  on  ac- 
count of  their  affinity. 

Metallic  solutions  afford  the  first  example. 
Dissolve  a  grain  of  copper  in  a  sufficient  quan- 
tity of  volatile  alkali  ;  and  you  will  obtain  a 
liquor  of  a  blue  colour.  If  you  pour  this  so* 
lution  into  .  three  pints  of  water,  the  whole 
water  will  be  sensibly  coloured  blue.  But  three 
French  pints  make  144  cubic  inches;  and  as 
each  inch  in  length  may  be  divided  intolines» 
then  into  tenths  of  a  line,  visible  to  the  eye, 
it  will  be  found,  that  in  these  144  cubic  inches, 
there  are  248832000  of  such  parts,  every  one  of 
which  is  coloured  blue.  A  grain  of  copper  is 
divided  then,  by  these  means,  into  at  least 
«48833000  parts.  But  we  shall  go  still  farther  : 
each  ot  these  parts  may  be  seen  by  a  microscope, 
that  magnifies  objects  100  times  in  length,  con- 
sequently tooco times  in  surface;  and  every  one 
of  them  will  be  found  to  be  coloured  :  if  wc 
therefore  multiply  the  above  number  by  loooo, 
^r^add  to  it  four  cyphers,  we  shall  have  a  grain 
of-çopper  divided  into  2488320000000  parts, 
visible  ;tp  tiie  eye;  at  least  when  assisted  by  the 
microscope. 

Let  us  now  proceed  to  odours.     It  is  said  that 
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a.  grain  of  musk  is  capable  of  perfuming,  for 
several  years,  a  chamber  12  feet  in  every  direc- 
tion, without  sustaining  any  sensible  diminutioa 
in  its  volume,  or  its  wei<):ht.  But  a  space  such 
MS  the  above  contains  1728  cubic  fejl,  each  of 
which  contains  1728  cubic  inches,  and  each  of 
these  1728  cubic  hnes;  so  that  the  number  of 
cubic  hues  is  the  third  power  of  1728.  It  is 
probable,  that  every  one  of  these  cubic  lines  con- 
tains some  of  the  odorous  particles  ;  tlie  air  of 
the  chamber  may  in  the  course  of  several  years 
be  renewed  1000  times  ;  and  the  grain  of  musk, 
without  sensible  alteration,  may  fnrnish  new 
odorous  particles.  In  calculating  the  tenuity 
of  each  of  these,  the  imagination  is  lost 

However,  notwithstaniing  the  tenuity  of  these 
odorous  particles,  they  do  not  pass  through  glass 
and  metals  ;  and  there  are  certain  effluvia  which 
penetrate  them  ;  such  as  those  of  luminous  bodies 
or  light,  magnetism,  and  electricity.  How  great 
then  must  be  the  tenuity  of  the  particles  of  which 
these  consist  !  But  wc  shall  confine  our  observa* 
tions  to  light. 

If  those  particles,  the  emission  of  which  con- 
stitutes light,  were  not  of  a  smallness  almost  in- 
finite, there  is  no  body  which  could  resist  the 
action  of  the  weakest  light  ;  for  their  multitude 
and  the  rapidity  with  which  they  proceed  from 
the  luminous  body,  are  such,  that  without  this 
prodigious  tenuity  light  would  break  to  pieces 
every  l>ody  on  which  it  might  fall,  instead  of 
exciting  in  it  that  gentle  vibration,  that  insensible 
tremulous  motion,  in  which  heat  consists,  whea 
it  has  only  the  density  of  the  light  of  the  sun. 

Light,  iudeedi  in  a  second  passes  over  128880 
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leagues,  or  957760000  toises  ;  consequently^  if  ^ 
particleof  light  wereonly  equal  tothe  25776ooootb 
part  of  a  grain  of  lead,  a  line  in  diameter^' 
it  would  make  on  our  organs  the  same  im« 
jnpession  as  a  similar  grain  of  lead  impelled  with 
the  velocity  of  a  toise  per  second.  There  is  no 
doubt  that  such  an  impression  would  be  very 
sensible  to  the  delicate  parts  of  our  bodies.  But 
what  would  it  be  if  millions  of  millions  of  such 
globules  should  strike  agkinst  it,  and  be  fol* 
K>wed  at  an  interval  of  time  infinitely  small  by 
a  iike  quantity  of  others,:  as  is  the  case  when  out 
body  is  exposed  to  the  light  !  No  human  being 
could  resist  it. 

The  tenuity  of  a  particle  of  light  then  is  still 
far  below  that  which  we  have  assigned  to  it  as 
its  fii^t  limits.  I^t  us  endeavour  to  determine 
another,  that  may  approach  nearer  to  the  truth. 

The  density  of  the  sun's  light,  such  as  it  is 
when  it  reaches  the  earth,  in  our  climates,  is 
of  such  a  nature,  that  if  diffused  throughout  a 
space  250000  times  greater,  it  would  have  a 
splendour  equal  to  that  of  the  full  moon. 

It  is  probable  that  the  latter,  diffused  in  the 
like  manner,  would  be  equal,  at  least,  to  that 
of  a  glow-worm,  which  enlightens  an  object 
at  the  distance  of  10  feet;  consequently  the 
latter  will  be  found  by  calculation  to  be 
62500000000  times  weaker.  It  is  besides  very 
probable,  that  in  the  pupil  of  the  eye,  which 
at  that  distance  beholds  the  light  of  the  glow- 
worm, there  is  no  part  which  is  not  itsclt  sen- 
sibly enlightened  :  let  us  suppose  it-  to  be  a 
square  line  of  surface,  and  that  thb  square  line 
is  divided  into  loooo  sensible  parts  ;  every  mo- 
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ment  therefore  there  are  loooo  globules  of 
light,  which  reach  the  retina,  united  in  one 
imperceptible  point,  and  with  tlie  velocity  of 
257760000  toises  per  second,  without  producing 
hoivever  a  sensible  impression,  and  even  scarcely 
the  perception  of  light. 

If  we  suppose  the  same  quantity  of  globules  of 
light  thrown  by  the  weakest  light  on  a  square  line 
of  surface,  it  will  be  found  that  in  a  line  square  of 
the  sun's  light,  there  are  625000000000000,  and 
in  an  inch  90000000000000000.  This  quan- 
tity  of  globules,  moved  with  the  velocity  of 
257760000  toises  per  second,  and  renewed  per- 
haps a  thousand  times  in  that  interval,  would 
produce  however  in  the  palm  of  the  hand  but  a 
slight  sensation  of  heat  ;  and  hence  there  is 
reason  to  conclude,  that  900  thousand  millions 
of  millions  of  these  particles,  moved  with  the 
above  velocity,  make  less  impression  than  the 
shock  of  a  leaden  ball,  a  line  in  diameter,  which 
falls  from  the  height  of  three  feet.  And  hence 
arises  this  new  consequence,  that  if  we  suppose 
the  particles  of  light  to  have  the  same  density  as 
lead,  each  of  them  compared  with  a  ball  of  lead 
a  line  in  diameter,  is  in  a  less  ratio  than 
a  257760000th,  by  900000000000000000,  or  a^ 
23i9840ooo#ooooooooooooooooth  part  to  unity. 

Such  then,  at  least,  is  the  tenuity  of  the  par- 
ticles of  light  ;  and  by  other  reasoning. perhaps 
we  might  prove  that  it  is  still  much  rarer;  so 
that  in  all  probability  the  above  ratio  must  be 
reduced  to  that  of  unity  to  a  comparative  num- 
ber of  30  or  35  figures.  But  we  shall  confine 
ourselves  to  what  has  been  already  said,  because 
it  is  sufficient  for  our  purj^ose,  and  to  shew^  a^ 
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we  have  done  elsewhere,  that  the  sun  for  several 
successive  ages,  may  furnish,  without  any  sensi- 
ble diminution,  sutficient  matter  for  the  emission 
of  the  light  which  proceeds  frdm  him  ;  and 
this  may  serve  to  answer  an  objection  which 
bas  been  made  to  the  Newtonian  theory  of 
light. 

PROBLEM  XXII. 

What  velocittf  ought  to  be  given  to  a  cannon  bullet^ 
in  a  horizontal  direction^  to  prevent  it  from  fall- 

'  ing  to  the  earth,  and  to  make  it  circulate  around 
it  like  a  planet,,  mùposing  the  resistance  of  the 
air  to  be  destroyed  f 

If  a  cannon  bullet  be  (ired  off  in  a  horizontal 
direction^  from  the  top  of  a  mountain,  it  will  fall 
to  the  earth,  as  is  well  known,  at  a  certain  di- 
stance. If  we  now  suppose  that  the  velocity 
communicated  to  this  bullet  is  more  and  more 
increased^  it  will  fall  at  a  greater  and  greater 
distance  ;  for  the  parabola,  or  rather  ellipsis,  it 
describes,  M'ill  be  broader  and  broader.  We 
may  therefore  conceive  the  velocity  to  be  so 
great,  that  the  bullet  shall  fall  to  the  earth  at 
the  point  diametrically  opposite  to  that  from 
which  it  was  fired.  In  this  case,  if  the  velocity 
were  increased  ever  so  little,  the  bullet  would 
not  touch  the  earth,  but  would  return  to  the 
point  from  which  it  set  out;  describing  a  line 
similar  to  that  which  it  before  described.  It 
would  then  continually  move  in  an  elliptical  line, 
around  the  earth,  and  really  be  a  small  planet^ 
performing  its  revolution  around  it. 
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The  question  then  is,  to  find  what  would  be 
the  periodical  time  of  this  /evolution  ;  for  by 
knowing  this  time,  we  could  easily  find  the  ve- 
locity of  tlie  small  planet,  or  that  with  which 
the  bullet  set  out  ;  because  nothing  would  be  ne- 
cessary but  to  divide  the  space  passed  over, 
which  in  this  case  is  nearly  the  circumference 
of  the  earth,  by  the  time  employed  in  passing 
over  it 

The  solution  of  this  problem  may  be  easily  de* 
duced  from  the  celebrated  rule  of  Kepler  ;  for  If 
we  suppose  our  small  planet  in  motion,  it  must, 
compared  with  the  moon,  perform  its 'revolu- 
tions in  such  a  manner^  that  the  squares  of  the 
periodical  times  shall  be  as  the  cubes  of  the  di- 
stances. But  the  mean  distance  of  the  moon 
from  the  earth  is  60  semi-diameters,  and  that  of 
the  small  planet  will  be  equal  to  the  earth's  ra- 
dius^ori  semi-diameter.  .We  shall  consequently 
have  this  ratio,  as  the  cube  of  60  or  216000,  is 
to  I,  so  is  the  square  of  the  periodical  time  of 
the  moon,  to  the  square  of  the  pericklical  time  of 
the  small  planet.  But  the  periodical  time  of  the 
moon  is  17  days  9  hours,  or  6^6  hours,  the 
square  of  which  is  430336;  if  we  then  say,  as 
216000  is  to  I,  so  is  430336  to  a  fourth  teem; 
we  shall  have  for  this  fourth  tenn,  44g  ^^g.,  or  in 
decimals  i'9923  ;  the  square  root  of  which  1*41, 
will  express  the  number  of  hours  employed  by  the 
small  planet  in  its  revolution.  But  1*41  in  hours 
and  minutes  is  equal  to  i^  24™  36*.  Tlie  small 
planet,,  therefore,  would  perform  its  revolution 
m  that  time  ;  which,  supposing  a  great  circle  of 
the  earth  to  be  24000  miles,givcs  nearly  282  miles 
per  minute,  or  47  miles  per  second. 

VOL.  IV.  u 
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If  a  velocity  great»  than  the  above,  but  less 
than  149^;  leagues,  were  given  to  this  body,  it 
would  describe  an  ellipsis,  the  perigeum  of  which 
would  be  in  the  point  of  departure.  If  the  ve- 
locity of  the  projection  were  1494.  leagues  per 
'  minute,  or  greater,  the  body  would  not  rctuni  to 
the  earth  ;  ftn*  in  the  first  case  it  would  describe 
a  parabola,  the  summit  of  M'hich  would  be  in  the 
point  of  projection,  and  in  the  second  it  would 
describe  an  hyperbola. 

PROBLEM  XXIII. 

# 

Examination  of  a  singular  (pinion  respecting  the 

moon  and  the  other  planets: 

It  has  been  said,  and  the  singularity  of  the 
conjecture  has  eiven  it  dome  importance,  that 
•the  moon  may  oe  nothing  else  than  a  comet, 
which  in  approaching  to  or  receding  from  the 
sun,  and  passing  at  the  proper  distance  from  the 
.earth,  may  have  been  diverted  from  its  course, 
and  thus  have  become  that  secondary  planet 
which  accompanies  our  earth.  For,  if  we  sup- 
pose that  such  a  comet,  having  only  the  pro* 
jected  motion  necessary  for  describing  a  circle 
around  the  earth,  at  the  distance  of  60  semi-dia** 
meters  from  its  centre,  really  pasded  at  that  di- 
stance from  our  globe,  and  in  a  plane  inclined 
to  its  orbitf  it  must  necessarily,  say  some  philoso- 
phers, have  become  our  moon. 

This  conjecture  is  supported  by  some  reitiarks 
which  seem  to  give  it  a  certain  degree  of  pro- 
bability. The  moon,  say  they,  when  viewed 
through  a  telescope,  presents  the  af^earance  of 


a  body  which  has  been  torrefied  ;  the  cavities  in- 
terspersed over  its  surface  seem  to  be  fissures,  oc* 
casioned  by  the  intense  heat  which  caused  the 
moisture  it  contained  to  escape  in  vapours  ;  and 
they  add,  that  no  appearance  of  humidity  now 
remains  in  the  moon,  since  it  has  no  atmosphere. 
AH  this  agrees  exceedingly  well  with  a  cornet^ 
which  has  pasi^ed  very  near  the  suti. 

It  is  also  to  be  observed»  say  they,  that  the 
largest  planets,  such  as  Jupiter  and  Saturn,  have 
several  satellites  ;  for  as  their  attraction  extended 
much  farther  than  that  of  the  earth,  they  had  a 
far  greater  power  over  the  comets  which  passed 
in  their  neighbourhood,  the  jnotion  of  these 
comets  having  been  besides  lessened  in  conse- 
quence of  their  distance  from  the  sun.  The 
small  planets,  such  as  Mercury,  Venus,  and  Mars, 
have  no  satellites,  on  account  of  the  sraallness  of 
their  size,  and  the  velocity  with  which  comets 
pass  them,  in  advancing  towards,  or  receding  from 
the  sun. 

'  These  ideas  are  ingenious  ;  but  this  assertion 
or  conjecture,  when  examined  according  to  thé 
principles  of  geometry,  cannot  be  maintained. 

It  is  found,  indeed,  by  calculation,  that  what- 
ever may  be  the  position  or  magnitude  of  the 
orbit  of  a  comet,  it  cannot,  when  it  passes  near 
the  orbit  of  the  earth,  have  the  velocity  necessary 
to  make  it  become  a  satellite  to  it,  whatever  may 
be  the  proximity  at  which  it  passes  ;  for  it  can 
be  demonstrated,  tliat  every  comet,  when  it  ap^ 
proaches  the  sun  within  a  distance  equal  to  that 
of  the  earth,  has  at  that  moment  a  velocity  in 
its  orbit^  which  is  to  that  of  the  earth,  as  s/a  is 
to  1,  or  as  1414  to  1000.     But  this  velocity  il 
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far  gfeater  than  that  of  the  moon  in  her  orbit,  atid 
even  greater  than  that  of  a  planet  which  sliould 
circulate  almost  at  the  surface  of  the  earth,  as 
the  following  calculation  will  shew. 

The  earth  in  about  365  days  passes  over  an 
orbit  of  597  millions  of  miles  in  circumference  : 
its  velocity  then  in  its  orbit  is  such,  that  it  passes 
over  in  a  day  i6356i6ihilcs  ;  in  an  hour  68150  ; 
aftd  in  a  minute  1136  ;  therefore,  if  we  multiply 
the  last  number  by  444^4^  we  shall  have  nearly 
,1606  miles  for  the  space  which  every  comet, 
when  it  arrives  at  the  distance  of  the  earth  from 
the  sun,  tiéccssarily  passes  over  in  a  minute. 

Let  us  now  examine  that  of  the  moon  in  lier 
x>Thit.  The  mean  diameter  of  the  moon's  orbit 
is  a])out  60  times  the  earth's  diameter;    conse- 

auently  its  circimiferenee  will  be  188  of  these 
iameters  ;  which,  estimating  the  earth's  dia- 
meter at  8000  miles,  gives  for  the  circumference 
of  the  lunar  orbit  1504000^  miles.  This  space 
the  moon  passes  over  in  27  days  8  hours,  wanting 
a  few  minutes  ;  or  27-  days  :  the  moori  therefore 
in  her  orbit  passes  over  in  a  day  55024  miles;  in 
an  hour  2293,  ^"^  ^^^  ^  minute  38.  Hence  it  is 
evident,  that  if  a  comet  should  pass  at  a  distance 
from  the  earth  equal  to  that  of  the  moon,  which 
the  comet  transformed  into  our  satellite  might 
do,  it  could  have  a  velocity  of  no  more  than  38 
or  40  miles  per  minute,  instead  of  1606,  which 
every  comet  necessarily  has  at  that  distance  from 
the  sun.  The  moon  then  could  not  be  a  comet, 
which  passing  too  near  the  earth  was,  as  we  may 
say,  subdued  and  carried  away  by  it. 

Let  us  now  see  whether  the  comet  in  question, 
.by   passing   much  nearer,  the  earth,  and  even 
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close  to  its  surface,  could  bç  attracted  by  it  We 
shall  jSud;  by  a  similar  calculation,  that  it  could 
not  circulate  around  the  earth;  for  we  have 
already  seen  that  a  body,  to  circulate  round  our 
globe  near  its  surface,  would  require  a  velocity 
of  almost  300  miles  per  minute.  But  this  is  far 
below  the  velocity  which  a  comet  passing  very 
near  the  earth  would  necessarily  have  ;  for  if  a 
body  should  be  projected  from  the  summit  of  a 
mountain,  towards  the  East  or  West,  with  the 
velocity  of  1600  miles  per  minute,  it  would  re- 
cede from  the  earth  without  ever  returning  to 
it,  that  velocity  being  much  greater  than  is  ne- 
cessary to  make  it  describe  around  the  earth  any 
ellipsis  whatever,  or  even  a  parabola. 

Here  then  the  earth,  and  no  doubt  JVIars,  is 
excluded  from  the  privilege  of  ever  being  able 
to  obtain  a  satellite  m  that  manner,  and  this  will 
hold  good  much  more  in  regard  to  V'enus  and 
Mercury.  But  is  this  the  case  with  Jupiter  and 
Saturn?  We  shall  examine  this  question  also,  by 
employing  the  same  kind  of  calculations. 

The  velocity  of  Jupiter's  revolution  around  the 
sun,  is  494  miles  per  minute  ;  consequeùtly  the 
velocity^of  every  comet  advancing  to,  or  reced- 
ing ^rom  the  sun,  when  at  the  same  distance  as 
Jupiter  from  that  luminary,  will  be  about  700 
miles,  in  the  same  time.  It  is  found  that  the 
velocity  of  the  first  satellite  of  Jupiter,  in  its 
orbit,  is  37366^  miles  per  hour,  or  625  per 
minute  :  the  velocity  then  of  tvcry  comet  which 
should  pass  Jupiter  at  the  distance  of  his  tii^t  sa- 
tellite, would  necessarily  be  rather  more  consider- 
able, being  about  a  seventh  pvirt  more.  Hence 
it    follows^  that  neither  the  first  satellite  npr  any 
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of  the  rest  was  origifially  a  comet,  which  this 
large  planet  appropriated  to  itself;  for  €he  other 
satellites  have  a  velocity  still  less  than  that  of 
the  first. 

It  now  remains  to  determine  whether  a  comet, 
in  passing  near  Jupiter>  could  be  stopped  by  it. 
This  indeed  doeS;not  appear  to  be  absolutely  im- 
possible :  for  a  satellite  which  should  perform  it? 
revolution  near  the  surface  of  Jupiter  would  em- 
ploy a  little  more  than  3  hours  ;  which  gives  ^ 
velocity  of  1557  miles  per  minute*.  But  we  have 
already  seen  that  the  velocity  '  of  the  comet 
would  be  no  more  than  700  ;  which  therefore  is 
not  too  great  to  make  a  body  describe  even  a 
circle  around  Jupiter,  very  near  his  surface.  If 
a  comet  then,  in  advancing  to  or  feturning  iron) 
the  sun,  Bhould  fall  into  the  system  of  Jupiter, 
between  him  and  his  first  satellite,  it  might 
continue  to  circulate  around  that  planet,  in  an 
orbit,  if  not  circular,  at  Teast  elliptical,  and 
more  or  less  elongated. 

For  let  us  suppose  A  B,  pi.  a  fig.  13,  to  be  the 
orbit  of  Jupiter  ;  and  that  this  planet  is  at  I,  pro- 
ceeding towards  B,  and  that  the  comet  is  in  C 
proceeding  towards  D,  at  an  angle  of  about  45 
degrees  ;  and  that  C  D  denotes  the  velocity  of 
this  comet,  whrch  we  have  found  to  be  greater 
than  that  of  Jupiter  in  bis  orbit.  If  D  E  be  made 
equal  to  the  velocity  of  Jupiter,  C  E  will  be  the 
velocity  of  the  comet,  and  even  its  route,  in 
regard  to  Jupiter,  supposed  to  be  fixed  and  with- 
out any  action  on  (he  comet.  But  on  account 
of  this  action  it  would  describe  an  inflected  route, 
such  as  C  F,  which  would  make  it  fall  almost  in 
a  perpendicular  direction  on  the  orbit  of  Jupiter^ 
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and  with  a  velocity  but  littk  greater  than  tfaa( 
of  the  first  satellite.  If  at  the  moment  then 
when  Jupiter  was  in  a  point  I^  so  situated  a^  t4^ 
make  I F  less  than  the  distance  of  Jupiter  from  bU 
jfirsC  satellite»  we  do  not  see  what  could  {u*ev«jB^ 
the  comet  from  assuming  around  him  that  cur-» 
cular  or  elliptical  motion  suited  to  its  projectile 
force;  and  if  it  should  perform  the  revolutioa 
once»  it  is  evident  that  it  ought  to  continue  it. 

We  however  confess^  that  we  have  not  yet 
examined  this  j^int  so  far  as  to  be  able  to  assert 
that  it  is  fully  demonstrated.  To  be  assured  o( 
it,  the -following  question,  which  is  only  ^ 
branch  of  that  of  the  three  bodies,  but  whiçli 
wouVd  require  too  much  intricate  anftly^i^  fpr 
this  work,  must  be  answered.  Tw9  bodies  t 
and  C,  pi.  %  fig.  14,  which  attr^t  each  çtbfT 
in  the  inverse  ratio  of  the  squares  of  the  dl« 
stances^  and  in  the  direct  r^tib  of  their  masses, 
being  projected  from  the  points  I  and  C,  ^C9rd« 
ing  to  the  directions  I  B  and  C  G,  with  |;ivei^ 
velocities,  to  find  the  curves  which  they  woul4 
describe.  To  simplify  the  problem,  we  migh^ 
even  suppose  one  of  them,  I,  to  be  so  large  n, 
re^rd  to  the  seconds  as  to  be  scarcely  turqe^ 
aside  from  its  course.       | 

ffim  far  is  th^re  reason  to  apprehend  the  shack 
of  a  Comet  ;  and  what  dévastation  wouU  it 
thence  occasioned  on  the  earth  ? 

What  has  been  said  respecting  comets  in  the 
preceding  problem,  naturally  lea^.na  to  examine 

fi  question  become  celebrated  ^y  the  aUnu  it  m^ 
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ca^ionedat  Paris  some  years  ago*  In  the  year  1774, 
àMenîoir  was  written  by  one  of  the  Academicians, 
of  which  an  incorrect  account  was  propagated, 
and  in  which  it  was  said  the  author  announced 
flic  speedy  approach  of  a  comet  to  the  earth,  and 
that  the  effect  of  this  approach  would  be  at  least, 
a  rising  of  the  waters  of  the  ocean,  so  as  to  over- 
l¥helm  our  continent.  In  consequence  of  these 
reports,  the  people  of  that  capital  were  thrown 
into  the  utmost  consternation  and  uneasiness. 
1  kne^v  some  women  who  were  w  terrified,  that 
they  did  not  close  their  eyes  fw  several  nights 
successively  ;  and  I  was  even  obliged,  in  order 
to  quiet  one  of  them,  to  assure  her  that  a  very 
great  error  had  been  found  in  the  Academician's 
calculation,  and  that,  on  this  account,  he  had 
fallen  into  disgrace  with  the  society  to  which  he 
belonged.  The  motive,  I  hope,  will  plead  my 
excuse  with  that  illustrious  astronomer.  I  am 
certain  that  in  so  good  a  cause  he  would  have 
, indulged  in  the  same  innocent  deception;  for 
the  object  was  nothing  less  than  to  restore  rest 
and  their  former  lustre  to  tM^o  eyes  capable  of 
deranging  the  observations  of  the  most  insen- 
sible astronomer.  But  however,  as  I  have 
always  been  devoted,  notwithstanding  my  taste 
for  the  abstract  sciences,  to  that  charming  por- 
tion of  the  human  race,  I  shall  endeavour  to 
tranquillize  them,  and  to  prove  that  the  danger 
'of  being  crushed  or  inundated  by  a  comet,  is 
not  so  great  as  to  disturb  their  repose. 

■  Astronomers  long  ago  conjectured  that  a 
comet  might  become  fatal  to  the  earth.  The 
'celebrated  Whiston,  whose  imagination  was 
TAthfr  too  powerful  for  his  reasoning  faculty» 


sftÔCÏC  OF  À  COVET.  97 

cbservÎBg  a  comet,  viz,  that  of  i68o,  accom* 
panied  with  an  immense  tail,  began  to  conjee* 
lure  that  if  any  of  the  planets  should  happen  to 
meet  with  this  tail,  it  might  by  its  attraction 
condense  its  vapours^  and  be  inundated  by  it 
He  supposed  farther,  that  the  deluge  had  beea 
produced  by  the  same  cause  ;  and  added,  that  a 
comet,  such  as  that  above  mentioned,  if  it  ap- 
proached near  the  sun  in  reti^miiig,  miffht  ac» 
quire  a  degree  of  heat  several  thousand  times 
greater  thai^hat  of  red  hot  iron  ;  and  conse* 
quently  mignPconsume  our  earth.  He  was  of 
opinion  also,  that  the  general  conflagration, 
"which  is  one  day  to  destroy  the  globe  we  in- 
habit, will  be  occasioned  in  this  manner. 

These  ideas,  in  M'hich  there  is  more  of  singu- 
larity than  truth,  are  a  suthcient  proof  of  what 
we  have  already  observed  in  regard  to  Whiston  s 
disposition.  It  is  impossible  to  say  what  might 
be  the  case,  if  a  comet,  heated  to  such  a  violent 
degree,  should  pass  very  near  us.  It  is  probable» 
considering  the  rapidity  with  which  it  would 
move,  when  at  its  least  distance  from  the  earthy 
that  we  should  not  be  much  incommoded  by  it. 
In  regard  to  the  danger  of  being  inundated  by 
the  vapours  of  its  tail,  it  is  entirely  void  of 
foundation  ;  for  it  may  be  easily  demonstrated, 
that  these  vapours,  which  float  in  a  medium  as 
thin  as  ether,  must  themselves  be  exceedingly 
rarefied.  There  is  some  reason  to  believe  that 
all  this  immense  tail,  reduced  to  a  fluid,  such  as 
water,  would  scarcely  furnish  enough  for  an 
abundant  shower.  In  shoit,  the  comet  alluded  to, 
returns  only  about  every  575  years;  consequently 
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it  will  Dot  appear  agaim  till  about  448  year»  have 
elapsed. 

Dr,  Halley  considered  this  danger  in  another 
inanner.  This  philosopher  observed,  that  if  the 
comet  of  1680  had  passed  through  the  ecliptic 
31  days  later^  its  distance  from  the  earth  would 
not  have  been  greater  than  the  sun's  semi*dia- 
meter^  which  is  about  441693  miles;  and  he 
adds,  there  can  be  no  doubt  that  such  a  proxi^ 
mity  between  these  two  bodies  would  have  occa* 
sioned  a  considerable  derangemeo^n  the  motiou 
of  the  earth  ;  such  as  a  change  i^^^cctntncity 
and  periodical  time.  May  the  Author  of  nature, 
adds  he,  preserve  us  from  the  shock  of  these 
enormous  masses^  or  even  from  their  contact, 
which  is  but  too  possible  !  He  however  remarks,, 
that  the  highly  varied  position  of  the  orbits  of 
comets^  and  their  inclination  to  the  ecliptic^ 
which  in  general  is  very  great,  seem  to  be 
arranged  by  the  Author  of  nature  to  secure  us 
from  so  fatal  a  catastrophe. 

As  the  astronomy  of  comets,  since  the  time  of 
Halley,  has  been  enriched  with  the  knowledge 
of  above  forty  new  ones,  it  was  natural  to  exa- 
mine whether  there  was  any  of  them  which,  by 
some  chance  in  their  position,  and  the  magni- 
tude of  their  orbits,  might  become  dangerous  to 
our  earth-  This  labour  was  undertaken  by 
de  la  Lande,  in  consequence  of  the  comet 
seen  in  1770;  and  he  found  that  there  are  some 
of  them  which,  by  changing  their  elements  a 
little,  might  approach  very  near  to  the  orbit 
described  by  our  earth.  He  shewed,  at  the  same 
time,  that  there  is  no    great  cause  for  being 
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alarmed  at  this  supposed  danger,  as  several 
thousands  might  be  betted  to  pn^,  that  if  a 
comet  should  even  pass  through  the  earth'» 
orbits  these  two  bodies  would  not  ^11  m  with 
leach  other. 

This  danger^  as  may  be  seen,  was  at  a  suffi* 
cient  distance  to  give  no  great  cause  of  appre^ 
hension  ;  but  he  added,  that  if  we  should  sup^ 
pose  such  a  comet  to  pass  at  the  distance  of 
45000  miles,  it  would  raise  the  waters  of  the. 
ocean,  and  according  to  its  position  occasion  a 
flux  capable  d$  covering  our  whole  continent^ 
and  of  sweeping  away  all  its  inhabitants^  to* 
gether  with  their  habitations.  This  augmented 
the  danger  in  a  considerable  degree  ;  for  if  ioooq 
could  be  betted  to  i  that  the  earth  and  the 
comet  would  not  be  at  the  same  time  in  the 
ecliptic^  at  the  distance  of  a  diameter  of  our 
globe,  no  more  than  2000  could  be  betted  to  | 
that  they  might  not  be  at  the  distance  of  5 
diameters  from  each  other,  and  consequently 
that  we  might  not  be  drowned.  But  the  st^ke 
is  so  great,  that  even  this  small  chance  cannot 
be  considered  without  some  uneasiness;  .and 
fhcre  are  people  who  would  not  hold  a  chance 
in  a  lottery  where  there  is  only  one  blank  to  a 
hundred  thousand  prizes. 

But  fortunately  all  these  calculations  are 
founded  00  suppositions  which,  though  ihej 
may  be  realized  in  the  course  of  ages,  cannot 
take  place  in  the  present  state  of  the  universe  ; 
for  the  orbit  of  no  comet  hitherto  known  falls 
in  with  the  path  described  by  the  earth  in  the 
ecliptic.  It  is  indeed  true,  that,  as  the  orbits 
pf  the  planets  and  comets  are  subject  to  in^ewf.  ' 
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sible  variations^  it  may  liappen  hereafter  that  the 
orbit  of  a  comet  will  intersect  that  of  the  earth  ; 
.  but  unless  it  should  absolutely  coincide  with  the 
plane  of  the  ecliptic,  that  position  can  be  only 
momentary  ;  and  as  the  revolutions  of  the  comets 
are  exceedingly  long,  there  is  a  great  probability 
that  this  position  will  be  changed  when  the 
comet  passes  the  ecliptic. 

But  let  us  suppose  that  this  position  is  so  con* 
stant,  that  a  comet,  when  it  passes  the  ecliptic, 
shall  be  exactly  in  the  same  plane,  and  in  the 
pjith  of  the  earth  ;  and  let  us  e^Simine,  by  con- 
sulting the  laws  of  probability,  what  chance  there 
is,  that  at  the  moment  when  the  comet  is  in  the 
ecliptic,  the  earth  will  be  in  a  point  sufficiently 
near  to  come  in  contact  with  it  The  calcula- 
tion is  as  follows  : 

At  the  moment  when  the  comet  is  in  the 
ecliptic,  there  are  so  many  positions  for  the  earth 
in  the  same  circle  as  there  might  be  terrestrial 
diameters  ;  but  only  three  of  these  positions  are 
absolutely  critical  ;  for  there  is  one  which  would 
give  a  central  shock,  and  the  other  two,  at  the 
distance  of  a  diameter  before  or  behind  the  place 
of  the  comet,  would  give  merely  a  superficial 
shock.  But  it  is  found,  that  the  circumference 
of  the  earth's  orbit  contains  the  diameter  of  the 
earth  72450  times  ;  and  if  this  number  be  divided 
by  3,  the  quotient  will  be  24150.  Hence  if  we 
suppose  a  comet  to  be  in  the  path  of  the  earth, 
24150  might  be  betted  to  i,  that  the  latter  would 
not  be  exposed  to  any  shock,  even  of  the  most 
superficial  kind.  We  may  add  also,  that  this 
dangerous  position  of  the  comet  is,  as  we  may 
lay,  the  aftair  of  a  moment  ;  for  in  crossing  the 
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earth's  orbit,  it  hs^  a  velocity  of  4000  miles  per 
minute;  consequently  the  danger  would  not  last 
above  3  minutes.  Some  danger  certainly  might 
be  apprehended  if  the  earthy  when  a  comet  is  ia 
its  proximity,  should  move  in  so  irregular  man- 
ner as  to  fall  in  with  it,  and  to  block  up  its 
way. 

The  danger  of  our  globe  being  inundated  by 
the  rising  of  the  waters  of  the  ocean  is  still  more 
unfounded,  even  if  the  comet  should  pass  at  a 
very  moderate  distance  from  it,  such  as  that  of 
36000  or  40000  miles,  which  is  about  a  sixth" 

Îart  of  the  distance  of  the  earth  from  the  moon* 
t  is  indeed  true,  that  if  we  suppose  a  comet  to 
fall  in  exactly  with  the  orbit  of  the  earth,  it  is 
only  1  to  about  7200,  that  our  globe  may  not  be 
at  a  greater  distance  from  it  tlun  four  or  five 
times  its  diameter  ;  but  the  rapidity  with  which 
the  approach  would  take  place,  and  with  which 
the  two  globes  would  afterwards  recede,  would 
not  allow  the  waters  sufficient  time  to  rise  so 
as  to  inundate  our  continent;  for  a  certain  period 
would  be  required,  to  communicate  to  the  enor- 
mous mass  of  the  waters  of  the  ocean  such  a 
movement  as  that  of  the  flux  and  reflux.  A 
proof  of  this  is,  that  the  flux,  even  in  the  open 
seas,  does  not  happen  till  some  time  after  the 
moon's  passage  of  the  meridian  ;  and  that 
the  high  tides,  at  the  new  and  full  moons, 
do  not  occur  on  those  days,  but  on  the  following 
ones.  But  if  a  comet  should  arrive  at  the  earth's 
orbit,  it  would  traverse  our  lunar  system  nearly 
in  the  course  of  an  hour  ;  consequently  it  could 
produce  only  a  very  slight  motion  in  the  open 
seas,  such  as  the  Pacific  Ocean.     Some  of  the 
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smtU  islands  interspersed  in  it,  ^rhich  are  almost 
on  a  level  with  the  water,  might  be  over- 
whelmed; but  our  continent  would  absolutely 
be  sheltered  from  such  a  misfortune. 

The  most  singular  circumstance,  in  regard  to 
the  terror  spread  throughout  Paris,  in  conse- 
quence of  an  incorrect  account  being  propagated 
of  M.  de  la  Landes  Memoir,  was,  that  the 
greatest  danger  to  which  the  earth  had  been 
exposed  in  the  course  of  several  ages  was  then 
past  ;  for  of  all  the  comets  hitherto  known,  that 
of  the  year  1770  approached  nearest  to  the 
earth.  On  the  ist  of  July  it  was  at  the  distance 
of  225€>ooo  miles^  which  is  only  about  nine 
times  the  moon's  distance  from  the  earth.    . 

We  shall  here  observe,  that  a  cornel,  nearly 
«s  large  as  the  earth,  and  traversing  the  heavens 
with  a  velocity  equal  to  that  above  mentioned, 
would  be  a  grand  and  magnificent  spectacle  to 
astronomers.  What  a  noble  phenomenon,  a  new 
star  of  nearly  nine  degrees  apparent  diameter, 
passing  over,  by  its  own  motion,  about  180  de- 
grees of  the  heavens  in  the  course  of  two  hours  ! 
What  astronomer  would  not  wish  to  behold  such 
an  uncommon  phenomenon,  were  it  even  to  oc- 
casion some  catastrophe  to  the  small  uninhabited 
and  already  half  inundated  islands  of  the  vast 
ocean? 

It  has  however  been  calculated,  that  this  can 
never  take  place,  without  some  great  derange- 
ment in  the  motion  of  our  globe.  M.  de  Séjour 
has  found,  that  if  a  comet,  as  large  as  the  earth> 
shouUi  pass  it,  at  the  distance  of  about  40000 
miles,  it  would  change  its  periodical  revolution  ; 
and  this  revolution,  instead  of  365  days  6  hour$ 
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and  some  minutes^  would  become  367  days  and 
some  hours.  But  no  physical  evil  would  thence 
resuft  to  the  universe.  Astronomers  indeed  would 
have  to  recalculate  their  tables,  which  would  be 
thus  rendered  useless  ;  chronologists  would  be 
under  the  necessity  of  altering  their  method  of 
computing  time,  and  states  would  be  obliged  to 
change  their  calendars;  but  this  would  only  fur- 
nish matter  for  new  speculations,  and  afford  more 
occupation  to  the  learned. 

THEOREM    I. 

ji  pound  of  cork  weighs  more  than  a  pound  of  lead 
or  of  gold.'— A  body  weighs  more  in  summer  than 
in  winter. 

These  two  propositions,  on  the  first  view,  may 
appear  to  some  of  our  readers  a  paradox  ;  but 
when  they  have  read  tlie  following  reflections, 
the  paradox  will  vanish. 

When  bo4ies  are  weighed  in  air,  which  is  com- 
monly the  case,  they  are  weighed  in  a  fluid  which, 
according  to  the  laws  of  hydrostatics,  always  de- 
stroys a  portion  of  their  weight  equal  to  that  of 
a  similar  volume  of  the  fluid  :  hence  a  cubic  inch 
of  kad  or  of  §ûld,  for  example,  when  weighed 
in  air,  loâes  of  its  absolute  weight  a  quantity 
equal  to  the  weight  of  a  cubic  inch  of  air  ;  and 
the  ca^e  is  the  same  with  all  other  bodies.  A 
pound  of  cork,  under  the  same  circumstances, 
loses  a  quantity  of  its  weight  equal  to  that  of  a 
volume  of  air  of  the  same  size  as  the  cork«  Bat 
the  volume  of  a  pound  of  cork  is  much  greater 
than  that  of  a  pound  of  gold  or  of  lead  ;  conse* 
quently  a  pound  of  cork  when  weighed  in  air. 
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has  a  greater  absolute  weight  than  a  pound  of 
gold  ;  because,  though  the  weight  of  the  former 
be  diminished  by  the  weight  of  a  greater  quantity 
crf-air  than  the  latter,  they  still  remain  equal. 

This  reasoning  is  confirmed  by  experience  ;  for 
if  a  pouiul  of  gold  or  of  lead,  and  a  pound  of  cork, 
suspended  from  a  good  balance,  be  brought  into 
equilibrium,  and  if  the  whole  be  then  covered 
Vith  the  receiver  of  an  air-pump  ;  when  the  air 
is  exhausted,  the  cork  will  be  immediately  seen  to 
preponderate*  In  this  case,  indeed,  the  weight  of 
the  cork  is  increased  by  the  weight  of  an  equal 
volume  of  air;  and  that  of  the  gold  is  also  in- 
creased by  the  weight  of  a  volume  of  air  equal  to 
itself.  But  the  former   is  much  greater;  conse- 

auently  the  equilibrium  must  be  destroyed,  and 
lie  cork  must  preponderate*  Having  thus  ex- 
plained the  first  paradox,  we  shall  now  proceed 
to  the  second. 

In  summer  the  air  is  dilated  by  the  heat,  and 
its  density  being  thus  lessened,  the  necessary 
result  is,  that  the  same  volume  of  air  is  lighter; 
conseijuently  each  of  the  bodies,  brought  into 
equilibrium,  loses  less  of  its  M'eight  than  when 
the  air  is  denser.  But  this  effect  is  not  produced 
in  the  same  proportion  :  the  pound  of  cork,  for 
example,  in  common  air  loses  4  grains  of  its 
weight,  and  therefore  has  an  absolute  weight  of 
1  pound  4  grains;  while  the  pound  of  gold, 
losing  only  half  a  grain,  weighs  in  reality  i 
pound  and  half  a  grain.  In  air,  dilated  so  far  as 
to  weigh  a  half  less,  a  volume  of  air  equal  to  the 
volume  of  cork,  will  M'eigh  only  2  grains  ;  and 
the  volume  of  air  equal  to  that  of  the  gold  will 
weigh  no  more  than  a  quarter  of  a  grain  ;  hence 
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the  pound  of  cork  weighed  in  common  air  wil|" 
weigh  in  this  rarefied  air  i  pound  o,  grairis  ;  and 
tlie  pound  of  gold  i  pound  and  a  quarter  of  a 
grain*  ;  the  cork  therefore  will  preponderate. 

COROLLARIES. 

I.  From  what  has  been  said  this  consequence 
may  be  dethiccd  :  that  two  weights  in  equilibrio 
at  the  surface  of  the  earth,  will  not  be  so  Àvhen 
carried  to  tlie  summit  of  a  mountain.  For,  on  the 
summit  of  a  mountain  the  air  is  more  dilated,  and 
therefore,  according  to  the  above  reasoning,  the 
equiHbrium  will  be  deranged,  and  the  most  vo-- 
luminous  body  will  preponderate. 

II.  The  contrary  will  be  the  case  if  the  bodies 
be  in  equilibrio  at  the  summit  of  the  mountain, 
and  be  then  weighed  at  the  bottom  of  it  ;  or  if 
they  be  weighed  at  the  surface  of  the  earth,  and 
be  then  carried  to  the  bottom  of  a  mine.  In 
this  case,  the  most  voluminous  will  become  the 
lightest.  • 

III.  It  wouhl  therefore  be  attended  with  ad- 
vantage, to  purciiase  gold  in  summer,  and  sell  it 
in  winter  ;  or  to  purchase  it  in  a  cold  place,  and 
to  sell  it  in  a  stove.  For  gold  is  generally  weigh- 
ed with  copper  or  brass  weights,  which  in  summer 
lose  less  of  their  absolute  weight  than  they  do  in 
winter  :  hence  it  follows,  that  in  summer  they 
weigh  more.  By  these  means  therefore,  a  larger 
quantity  of  gold  will  be  obtained  in  summer  than 

*  We  must  observe  that  the  weights  here  given  by  way 
of  example,  are  French.  See  the  Tables  in  the  second 
volume. 
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ill  winter;  conacquently,  by  selling  it  in  winter 
the  buyer  will  get  less. 

In  purchasing  diamonds,  a  contrary  method 
ought  to  be  pursued,  because  they  are  weighed 
with  copper  weights,  which  are  sjiecilicaliy 
heavier.  If  a  weight  of  copper  then  be  in 
equilibrio  with  a  weight  of  diamonds^  in  air  of 
a  mean  temperature  ;  on  transporting  thcni  into 
cold  air,  the  copper  will  preponderate  ;  and  the 
contrary  will  be  the  case  when  they  are  trans- 
ported into  warmer  air.  Diamonds  therefore 
ought  to  be  purchased  in  cold  air,  or  in  winter, 
and  to  be  sold  in  summer^  or  in  warm  air. 

The  difference  in  both  cases  is  however  so 
small,  that  it  would  be  a  poor  speculation  to  pur* 
chase  diamonds  in  winter,  with  a  view  of  selling 
them  in  summer^  or  to  buy  gold  in  summer  in 
order  to  dis[)ose  of  it  in  winter.  But  the  spirit 
6f  the  mathematics  is  capable  of  shewing  and 
appreciating  the  difference  ;  and  though  this 
phenomenon  may  be  of  little  use  in  traffic,  it  is 
nevertheless  a  physical^ and  a  mathematical  truth. 

TI1E0RE5I  II. 

Two  homogeneous  weights  zckich  are  in  equilibrium 
at  the  surface  of  the  earthy  when  suspended  from 
a  balance  with  unequal  arms,  wilhwt  be  so  when 
carried  to  the  summit  of  a  mountain,  or  to  the 
bottom  of  asinine. 

Let  us  suppose  a  balance,  pi.  3  fig.  15,  with 
unequal  arms,  A  B  and  B  D,  to  be  loaded  with 
the  two  weights  1^  and  Q,  which  are  in  equilibrio, 
and  therefore  unequal  :  if  the  balance  be  in  a 
horizontal  situation^  these  weights,  as  they  tend 
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to  the  centre  of  the  earth,  which  we  suppose  to 
be  C,  will  form  with  the  balance  the  unequal 
angles  CAB  and  C  D  B  :  comequently^the  angle 
A,  at  the  larger  arm,  will  be  the  least.  From 
the  point  B,  let  fall  on  the  lines  of  direction  AC 
and  D  C,  the  perpendiculars  B  £  and  B  F  :  br 
the  laws  of  mechanics  these  perpendiculars  will 
be  in  the  reciprocal  ratio  of  the  weights,  so  that 
B  £  will  be  to  B  F>  in  the  same  ratio  as  the 
weiffht  P  to  the  weight  Q  :  that  is  to  say,  the 

rocluct  of  P  by  B  F  will  be  equal  to  that  of  C^ 

y  B  E. 

Now  let  the  balance  be  removed  nearer  to  the 
centre  of  direction^  or,  what  amounts  to  the 
same  thing,  let  the  centre  be  brought  nearer,  as 
to  c  for  example,  by  which  means  the  new  direct 
tions  will  be  A  c  and  D  c  ;  and  let  B  e  and  B/  be 
the  new  perperpendiculars  to  these  lines  of  direc- 
tion ;  if  the  ratio  of  Uf  to  Be  be  the  same  aa 
that  of  BF  to  B  E,  or'of  Q  to  P,  there  wUl  stilt 
be  an  equilibrium  ;  but  it  may  be  easily  demon-' 
strated,  that  this  ratio  is  no  longer  the  same: 
consequently  the  product  of  Q  by  Be,  will  not 
be  equal  to  that  of  P  by  Bf;  and  therefore  there 
will  no  longer  be  an  equilibrium.  It  can  even 
be  shewn  that,  when  the  centre  is  brought  nearer^ 
the  ratio  of  B  e  to  B  E,  will  be  less  than  that  of  Bf 
to  B  F  ;  hence  it  follows  that  B  e  will  be  less  than 
is  required  to  make  these  ratios  equal  ;  and  in 
this  case  the  weight,  nearest  the  point  of  suspen- 
sion, will  preponderate. 

For  the  same  reason,  the  contrary  effect  will 
be  produced,  if  the  balance  be  removed  farther 
from  the  centre,  by  transporting  it,  for  ex^naple, 
to  the  summit  of  a  mountain. 

It  may  here  be  asked,  why  does  the  equilibnuiQ 
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subsist,  notwithstanding  this  demonstration  ?  the 
reason  is  plain  :  the  centre  of  the  earth  is  always 
at  so  great  a  distance,  conipared  with  the  length 
pf  such  a  balance,  that  the  lines  of  direction  are 
sensibly  parallel,  at  whatever  height  or  depth 
above x>r  below  the  surface  of  the  earth  they  may 
be  placed.  The  difference  therefore,  from  an 
exact  equilibrium,  is  so  small,  that  it  cannot  be 
observed  with  the  most  perfect  balances  con- 
structed by  the  art  of  man. 

PROBLEM  XXV. 

Of  the  Central  Fire. 

Those  acquainted  with  the  phenomena  observ- 
ed by  ditFerent  philosophers,  in  the  interior  parts 
of  the  earth,  cannot  help  acknowledging  that  the 
surface,  even  in  our  climates,  is  subject  to  vicis- 
situdes of  heat  and  cold  which  we  experience. 
At  a  certain  depth,  not  very  great,  for  it  is  suf- 
ficient to  descend  only  about  a  hundred  feet,  the 
heat  is  constantly  the  same,  that  is  to  say,  about 
lo  degrees  of  Reaumur's  thermometer,  or  54!  of 
Fahrenheit.  This  is  observed  the  same  in  all 
climates,  and  in  all  countries. 

It  is  evident  therefore,  that  the  earth,  inde- 
pendently of  the  variable  heat  of  the  sun,  has  a 
source  of  heat  peculiar  to  itself,  from  whatever 
cause  it  may  arise. 

Nay,  we  shall  here  shew  that  the  degree  of 
heat  which  the  presence  of  the  sun,  during 
several  months  of^  the  year,  adds  to  the  internal 
heat  of  the  earth,  or  that  which  it  loses  by  his 
Kbsence,  is  only  a  small  part  of  the  internal  heat. 
:•    To   suppose    indeed  that  the  degree  of  cold 
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which  freezes  water,  is  the  zero,  or  the  o  degree 
of  heat,  would,  as  hefore  observed,  be  erroneous  ; 
for  lieat  and  cold  are  merely  relative  tenus.  If 
the  common  liquors  of  our  earth  were  of  the 
nature  of  spirit  of  wine,  as  the  fluids  of  our 
bodies  would  then  be  proof  against  congelation, 
unless  they  were  exposed  to  a  diminution  of  heat 
beyond  that  at  which  spirit  of  M'ine  freezes,  it  is 
more  than  probable  that  M'e  should  experience  no 
disagreeable  sensation  by  living  in  a  temperature 
similar  to  that  which  congeals  Mater;  on  the 
other  hand,  if  our  liquors  were  of  such  a  nature 
as  to  freeze  at  the  degree  at  wliich  wax  begins  to 
become  fixed,  we  should  probably  experience 
at  this  temperature  tlie  same  sensation  as  we  ex- 
perience at  that  which  congeals  water.  Every 
degree  above  that  term  would  be  heat,  and  every 
degree  below  it  would  be  cold. 

Uesides,  there  is  no  doubt  that  an  absolute 
degree  of  cold  Mould  congeal  all  liquors.  Ikit 
spirit  of  M'ine  congeals  only  at  29  degrees  belo^ 
Eero  of  Reaumur's  thermometer:  there  is  still 
heat  therefore  at  28  degrees,  though,  on  account 
of  the  disagreeable  sensation  which  we  experience^ 
M'C  call  it  severe  cold.  We  cannot  however  sup» 
pose  that  this  is  the  ultimate  degree  of  cold; 
Several  reasons,  which  it  would  be  too  tedious  to 
explain  here,  give  reason  to  think  that  this  abso» 
lute  degree  of  cold  is  a  thousand  degrees,  at  leasts 
bcloM'  the  zero  of  Reaumur's  thermometer. 

But  let  us  confine  ourselves  to  the  240th  de- 
gree, M'hich  we  shall  assume  as  that  .of  the  abso^ 
lute  privation  of  heat,  and  let  us  suppose  a  ther- 
mometer the  zero  of  which  is  placed  at  that  term  ; 
or  let  us  substitute,  in  one  of  our  common  ther- 
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inonicters,  tlie  degree  240  for  that  usually  marked 
ascro,  which  is  only  the  degree  of  the  congelation 
of  water  :  in  this  case  we  shsul  have  250  degrees  for 
the  term  which  we  call  temperate.  But  taking  the 
mean  d^ee  of  heat  during  suipmer  in  our  hemf* 
aphere,  it  will  be  found,  that  it  does  not  exceed  2$ 
idegrees  above  that  of  the  congelation  of  water,  and 
consequently  16  above  temperate:  lience  we  have 
^r  this  degree  of  heat  the  absolute  degree  of  266, 
The  thermometer  therefore  will  vary  from  tehiperate 
to  the  greatest  heat  16  degrees  in  250,  which  is 
aomewmit  less  than  the  1 5th  part« 

It  will  be  found,  in  like  manner,  that  the  mean 
âegrtt  of  the  cold  of  winter,  in  our  northern  hemi» 
sphere,  is  6  degrees  below  congelation,  according  to 
tne  rate  of  Reaumur's  thermometer  {  that  is  to  sayi^ 
x6  degrees  below  temperate  :  hence  the  mean  dinu* 
Bution  of  heat  below  temperate,  occasioned  by  the 
absence  of  the  sun,  is  about  a  1 5th  part  of  the  heat 
marked  by  the  degree  i  o.  Hence  it  follows,  that 
from  unnter  to  summer,  the  variation  of  the  heat  is 
tt  most  only  4^,  or  as  7  to  8.  But  it  is  highly  pro- 
bable,  as  M  •  de  ]Vfairan  has  shewn,  in  the  Memoir^ 
cf  the  Academy,  for  1765,  and  Buffon  in  the  sup- 
plement to  bis  Natural  History,  that  the  ratio  of 
this  variation  is  much  less* 

The  former  fixes  it  at  ^,  or  as  3 1  to  32  ;  and  the 
latter  at  -^.,  or  as  ^o  to  51.  But  let  us  confine 
ourselves  to  the  ratio  we  have  formed,  in  order  that 
we  may  set  out  from  a  principle  fully  proved. 

'l*he  conclusion  we  thence  form,  and  it  is  a  con* 
Mquence  v^hich  cannot  be  denied,  is  as  foUows  ;  In 
the  globe  of  the  earth  there  is  a  degree  of  constant 
heat,  which  i^  at  least  7  or  8  times  as  great  as  that 
p|-oduced  by  the  preWnce  of  the  fun  vhile  he  illu* 
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fninaties  it  in  the  moic  advantageous  mamiAr  for 
heating  it.  Here  then  we  have  a  fire^  or  source  ctf 
heat,  which  may  be  called  centiaL  it  now  remains 
that  we  should  examine  the  cause  of  it. 

According  to  some  philosophers^  this  fire  is  mereljr 
the  eflfect  of  the  continual  effervescence  occasioned 
by  the  mineral  matters  inclosed  in  the  bowels  of 
the  earth,  when  they  meet  and  become  misKd  with 
each  other.  Iron,  which  appears  to  be  universally 
diffused  throughout  nature,  and  which  communicates 
its  colour  to  argillaceous  earths,  produces,  as  is  well 
known,  a  violent  effervescence  with  the  vitriolic  acid, 
which  is  also  very  abundant»  Hence,  say  they,  is 
the  cau^e  which  excite^  and  maintains  in  tne  bowels 
of  the  earth  that  continual  ^re  by  which  it  is  heated, 
and  which  of(en  manifests  itself  by  the  eruptions  of 
volcanoes,  dispersed  in  considerable  numbers  over 
jts  surface  :  volcanoes,  according  to  these  philoso* 
phers,  are  the  chimneys  or  spiracles  of  this  central 
fire. 

It  would  be  difiicalt  to  shew  the  absolute  falsity  of 
this  opinion  :  but  it  does  not  appear  that  a  fire  of 
this  nature  can  be  general  throughout  the  bowels  of 
the  earth*  The  number  of  the  volcanoes,  which 
exist  at  its  surface,  is  too  small  to  have  a  cause  so 
general  ;  there  are  even  very  few  of  them  that  burp 
without  interruption.  The  central  fire,  however,  if 
k  be  real,  must  be  constant  and  perpetual  ;  and 
therefore  it  is  necessairy  that  we  should  recur  to 
some  other  cause. 

iVnother,  which  has  long  appeared  to  possess  9 
great  degree  of  probability,  is  as  follows.  The 
cetitral  beat,  say  some  philosophers,  is  nothing  else 
than  the  heat  which  the  body  of  the  earth,  con« 
^u^ly  warn^ed  by  xhe  sun,  has  acquired  m  conse- 
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qaence  of  the  presence  of  that  luminary.    But  let 
us.  render  this  idea  more  familiar  by  an  experiment. 

If  a  globe  of  iron,  which  revolves  round  its  axis 
in  a  determinate  time,  and  which  has  been  cooled  to 
the  degree  of  ice,  as  well  as  the  surrounding  air,  be . 
exposed  before  a  fire,  the  impression  of  the  fire  will 
first  heat  thé  sur&ce,  and  the  heat  will  gradually 
penetrate  to  its  interior  parts  ;  so  that  after  a  great 
number  of  revolutions  the  gldbe  will  acquire  such  a 
degree  of  internal  heat,  that  it  will  be  incapable  of 
receiving  more^  and  the  presence  of  the  fire  will 
only  serve  to  make  it  retain  that  which  has  already 
been  communicated  to  it. 

It  may  be  readily  conceived  also,  that  the  nature 
of  the  globe,  or  its  distance  from  the  fire,  may  be 
such,  that  this  constant  degree  of  heat  shall  not  be 
very  remote  from  that  of  the  congelation  of  water. 

In  this  case,  what  will  be  the  result  ?  as  it  is  the 
surface  of  bodies  that  always  begins  to  lose  the  heat 
they  have  acquired,  because  it  loses  more  by  its  con- 
tact with  the  air  than  is  furnished  to  it  by  the  interior 
parts,  it  will  necessarily  happen,  if  the  surrounding 
air  be  nearly  at  the  degree  of  congelation,  that  the 
pa^t  of  the  surface  which  is  illuminated  obliquely,  or 
that  which  bv  a  slower  revolution  is  opposite  to  the 
aide  next  to  tne  fire,  will  lose  a  little  of  iis  heat  ;  and 
as  we  suppose  the  mean  heat,  which  the  globe  has 
acquired»  to  be  not  far  distant  from  the  degree  of 
congelation,  like  .the  temperature  of  the  earth,  the 
surface,  in  those  parts  less  favourably  exposed  to. 
the  action  of  the  heat,  may  assume  a  degree  of  cold 
equal  to  that  of  ice.  Consequently,  if  there  were  on 
the  surface  of  this  globe  some  matter,  such  as  wax 
or  water,  susccpâble  of  melting  and  congealing 
alternately,    it   would   certainly  experifnce  tbesQ 
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alternations  :  it  might  even  happen  that  it  would  re« 
main  constantly  frozeA  in  the  neighbourhood  of  the 
Poles  ;  thus  it  would  alternately  melt  and  be  con* 
gealed  in  the  mean  parts  between  the  Poles  and  the 
equator,  and  it  would  always  remain  fluid  in  the 
environs  of  the  equator. 

•  But  this  is  exactly  what  takes  place  at  the  surface 
of  the  earth  :  exposed  for  a  great  number  of  ages 
to  the  benign  influence  of  the  sun,  the  heat  has  been 
communicated  to  its  most  iQterior  parts,  and  this 
internal  heat  is  what  is  called  the  central  Jire  :  it  is 
continually  receiving  an  additional  quantity,  and  this 
makes  up  for  the  loss  of  that  dissipated  at  its  surface, 
by  the  contact  of  the  air  wliich  is  less  heated*  In  a 
word,  as  the  iron  globe  above  mentioned,  would 
possess,  to  the  depdi  of  several  lines  below  its  sur- 
face, a  heat  nearly  constant,  the  degree  of  heat 
which  prevails  to  some  depth  below  the  surface  of 
the  earth  is,  in  like  manner,  almost  invariable*. 

But  it  is  difficult  to  believe  that  the  mass  of  the 
earth,  if  deprived  of  all  heat,  and  exposed  to  the 
sun,  could  ever  acquire  that  heat  which  it  seems 
10  possess.  How  many  ages,  or  millions  of  ages, 
would  be  necessary,  before  a  heat,  so  feeble  as  that 
of  the  sun, ,  could  melt  an  ocean  entirely  congealed, 
and  insinuate  itself  into  its  bowels  !  In  our  opinion, 
the  ice  melted  at  the  line  by  the  presence  of  the  sun 
would  have  been  again  congealed  during  the  twelve 
hours  of  his  absence  ;  so  that  the  globe  exposed  in 
this  state  to  the  sun,  would  have  retrained  in  it  to 

•  We  say  almost  invariable,  because  we  are  acquainted 
with  no  observations  of  the  thermometer  in  subterranean 
places,  but  those  made  in  the  caverns  below  the  observatory 
;U  Paris. 
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eternity,  had  not  some  other  powerful  cause  suddenly 
communicated  to  it  that  fund  of  heat,  which  by 
vivifying  nature  renders  the  earth  habitable,  and 
Susceptible  of  vegetation, 

A  third  cause  of  the  central  heat  remains  to  be 
examined  :  it  is  that  of  iiuffon. 

According  to  this  celebrated  philosopher,  the 
earth  and  other  circum-solar  planets  were  formerly 
a  part  of  the  sun,  and  were  detached  from  its  surface 
by  a  comet,  which  entering  it  to  some  depth,  pro- 
jected the  fragments  to  difierent  distances.  While 
they  were  in  a  state  of  fusion,  each  of  them,  in  con* 
sequence  of  the  laws  of  universal  gravitation,  must 
necessarily  have  assumed  a  globular  form.  The 
more  considerable  masses,  such  as  Venus,  the  Earth, 
Mars,  Jupiter,  and  Saturn,  being  projected  in  this 
manner,  6ew  off  in  a  tangent,  which,  together  with 
the  attractive  force  of  the  stin,  made  them  describe, 
around  that  luminary,  orbits  more  or  less  elongated, 
3uch  of  these  new  planets  as  had  smaller  fragments 
accidentally  in  their  neighbourhood,  overcame  them 
in  some  measure;  and  these  fragments,  turning 
around  the  larger  ones,  in  consequence  of  the  samç 
laws,  became  their  satellites.  In  this  maniier.  the 
earth,  Saturn  and  Jupiter  acquired  those  moons  by 
which  they  are  accompanied. 

If  this  generation  of  the  earth  and  circum-solar 
planets  be  admitted,  it  is  evident  that  these  globes 
were  at  first  fluid  ;  and  this  may  serve  to  explain 
their  fqrpiation  into  oblate  spheroids  ;  for  the  eartji 
and  other  planets  must  have  necessarily  bçen,  during 
the  course  of  some  time,  either  in  a  state  of  fusion 
or  of  semi-fluid  paste  ;  otherwise  their  diymal  motion 
could  not  have  given  them  that  form  which  they 
possess.    But  let  us  ?et  out  fropi  tlieir  supposed 
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state  of  fuiioiL  Masses  of  so  considerable  a  ^e  as 
Venus,  the  earth.  Sec»  could  not  certainly  cool  in  a 
day  or  a  year,  nor  even  in  twenty  centuries.  They 
first  passed  from  a  state  of  fusion  to  that  of  solidity; 
they  remained  long  impregnated  with  a  quantity  of 
fire,  which  rendered  them  uninhabitable.  At  length» 
their  surface  has  gradually  cooled,  till  they  retained 
cmly  that  degree  of  heat  necessary  for  animal  life, 
ma  to  render  them  susceptible  of  vegetation.  The 
interior  parts  of  the  earth  still  possess  a  more  con« 
siderable  degree  of  heat  than  the  surface,  and  this 
heat  must  go  on  increasing  towards  the  centre» 
Such  is  the  central  fire. 

But  by  a  necessary  consequence  of  the  cause  of 
this  fire,  it  must  always  decrease,  so  that  a  small 
portion  of  it  is  every  day  Jost.  It  appears  indeed, 
that  the  fertility  of  the  earth  daily  decreases,  and 
that  mankind  degenerate,  both  in  size  and  in 
strengdi.  This  diminution  however  cannot  be 
proved  ;  we  have  not  been  long  enough  possessed 
of  an  instrument  proper  for  measuring  heat  ;  it  is 
not  much  above  hair  a  century  since  comparative 
thermometers  were  invented.  But  it  it  be  found, 
50Û  years  hence,  for  example,  that  the  constant  heat 
in  the  caverns  below  the  observatory  of  Paris,  is  not 
more  than  7  or  8  degrees,  instead  of  9  ^,  which  it  is 
at  present,  the  progressive  cooling  of  the  mai;s  of  the 
earth  will  be  a  face,  which  can  no  longer  be  doubted, 
whatever  may  be  the  cause  of  that  heat,  and  of  its 
decrease. 

We  must  however  observe,  notwithstanding  our 
respect  for  the  illustrious  philosopher  who  is  tlui 
author  of  this  idea,  that  there  are  many  difliculties 
in  regard  to  this  formation  of  the  earth  and  planets» 
which  it  is  not  easy  to  resolve* 
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I  St.  If  the  planets  were  formed  în  this  manner,  it 
is  ditHcuIt  to  conceive  how  the  comets  could  have  a 
different  origin  ;  and  if  the  latter  were  planets  cir- 
culating around  the  sun,  the  Sovereign  Cause,  who 
arranged  the  universe,  could,  with  equal  ease,  have 
formed  the  planets  in  the  same  manner. 

2d.  It  seems  difficult  to  reconcile  with  the  laws  of 
'  motion  and  universal  gravitation,  the  position  and 
dimension  of  the  orbits  of  these  new  planets  ;  for 
according  to  what  has  been  demonstrated  by  Newton 
and  others,  since  they  proceeded  from  the  sun,  in  a 
line  nearly  a  tangent  to  his  surface,  and  from  a  point 
of  his  surface,  they  ought  at  each  revolution  to  pass 
through  the  same  point  :  this  however  is  not  the 
case  ;  on  the  contrary,  the  orbits  of  the  planets  are 
nearly  circular. 

It  appears  also,  that  in  this  projection  the  largest 
masses  could  not  go  to  the  greatest  distances,  and 
describe  the  largest  circles  ;  it  would  seem  that  the 
smallest  planets  ought  to  be  the  most  distant  from 
the  sun  ;  for  if  several  bodies  are  thrown  promiscu- 
ously by  any  force  whatever,  the  smallest  will  be 
projected  with  the  greatest  velocity. 

In  short,  the  effect  of  such  a  projection  is  beyond 
calculation  ;  and  it  may  be  said  also  that  the  comet 
in  question,  while  it  ploughed  the  surface  of  the  sun, 
communicated  to  it  an  impulse  which  made  it  change 
its  place.  This  comet  indeed,  which  could  carry 
with  it  at  once  such  masses  as  the  planets,  must 
have  been  of  an  enormous  size,  and  impinging 
against  the  sun  with  immense  velocity,  could  not 
fail  to  cause  a  small  difplacement  of  that  luminary, 
which  is  in  the  centre  of  our  system,  in  a  sort  of 
inert  state. 
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Whatever  may  be  the  fate  of  these  ideas,  die  fol- 
lowing are  some  of  the  consequences  which  Buffon 
deduces  from  his  system  on  the  formation  of  the 
earth,  and  which  are  too  curious  to  be  omitted  in  a 
work  of  this  kind. 

Setting  out  from  his  principles  on  the  formation 
of  the  earth  and  the  planets,  BufFon  made  a  series 
of  very  curious  experiments,  to  determine  in  what 
ratio  the  refrigeration  of  different  masses  of  matter 
takes  place,  according  to  their  nature  and  size  ;  and 
from  these  experiments  he  concludes  :  / 

That  a  globe,  such  as  Mercury,  must  have  re- 
quired 2127  years,  to  be  consolidated  to  the 
centre;  24813  to  become  so  cold  that  it  could 
be  touched;  54192  to  be  reduced  to  its  present 
temperature  ;  and,  in  the  last  place,  that  it  would 
require  187775  ^^  become  so  cold  as  to  have  only 
the  25th  part  of  its  present  temperature:  for  the 
sake  of  brevity  we  shall  call  these  the  1st,  2d, 
3d,  and  4th  epochs. 

That  Venus  must  have  employed  3596  years  in 
the  first  epoch;  41900  in  the  second;  91600  in 
the  third,  and  that  228540  would  be  required  for 
the  fourth. 

That  the  earth  employed  in  the  first  epoch  2936 
years;  in  the  second  34270  ;  in  the  third  74800; 
*and  that  168125  will  be  necessary  before  its  tem- 
perature is  reduced  to  a  25th  part  of  what  it  is  at 
present.  ^ 

The  earth  therefore  has  existed  1 1  a  thousand 
years  ;  and  hence  it  follows,  that  Mercuiy  passed 
the  degree  of  the  present  temperature  of  the  earth 
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30000  jtaa^  ago  ;  and  that  it  has  even  loalt  étoAf 
sbc  of  the  25  daigrees  vthich  emained  to  it* 

lliat  the  moon  employed  only  644  years  in  the 
first  epoch;  7515  in  the  second}  10409  in  thei 
third,  aAd  72514  in  the  fourth. 

Hence,  the  moon,  150Q0  years  ago,  was  reduced 
^  to  such  a  degree  of  coolness,  as  to  have  only  a  a5th 
part  of  the  heat  of  our  earth.  It  needs  therefore 
excite  no  a^onishment,  that  she  should  appear  to 
us  as  an  accumulation  of  ice,  and  that  she  exhibits 
no  signs  of  living  nature.  If  she  had  inhabitants^ 
they  must  long  ago  have  been  congealed. 

Mars  employed  1 1  ^o  years  in  becoming  solid  to 
the  centre  ;  13000  in  the  second  epoch  j  28538  in 
the  third  ;  and  60,300  in  the  fourth  :  consequently 
this  planet  has  been  useless  for  9  or  10  thousand 
years. 

In  regard  to  Jupiter,  the  case  is  '  different  :  he 
must  have  employed  9400  years  in  the  first  epoch, 
and  will  require  110,000  for  the  second  But  it 
is  only  1 1 2000  years  since  the  earth  and  Jupiter  were 
formed  ;  consequently  7  or  8  thousand  years  will 
be  necessary,  before  Jupiter  can  be  cooled  to  such  a 
degree,  as  to  admit  placing  the  foot  upon  it,  with- 
out being  burnt.  When  it  attains  to  this  epoch,  it 
will  require  240400  years  before  it  be  reduced  to 
our  present  temperature  ;  and  then  4830C0  to  lose 
nearly  the  whole  of  its  heat.  This  globe  then  will 
begin  to  be  habitable,  when  we  are  rendered  abso* 
lutely  torpid  with  ccld. 

In  the  last  place,  Saturn  employed  5140  years 
in  becoming  fixed  to  the  centre  j  and  required 
59900  before  he  was  fit  to  be  touched  :  the  duration 
of  his  third  epoch  will  be  130800  years  ;  and  of  this 
epoch,  above  47000  years  have  already  elapsed  ;  so 
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that  it  will  he  above  84000  years  before  his  tempera* 
ture  is  reduced  to  that  of  ttie  earth* 

In  regard  to  the  satellites,  we  shall  only  observe 
that  the  greater  part  of  them  are  in  a  habitable  state^ 
and  fit  U)T  vegetation,  the  fourth  of  Jupiter  except- 
ed,  which  is  already  advanced  in  its  fourth  epoch  : 
the  third  of  Saturn  is  nearly  at  the  same  degree  of 
temperature  as  the  earth,  but  rather  somewhat 
wanner  ;  the  fourth  is  considerably  advanced  in  its 
fourth  epoch  ;  and  the  fifth  must  have  been  a  mass 
of  ice  for  nearly  50000  years. 

PROBLEM  XX VT. 

Cfins  f  ruction  of  the  Barometer. — To  measure  the  Variiu 
lions  of  the  Gravity  of  the  Air. 

TiJE  barometer  is  one  of  those  instmments,  for 
the  discovery  of  which  we  are  indebted  to  the  17th 
century,  a  peiiod  that  gave  birth  to  a  great  many 
happy  ideas.  This  instrument,  which  serves  to  de« 
termine  the  variations  that  take  place  in  the  gravity 
of  the  air,  derives  its  name  from  two  Greek  words, 
^f^  and  fAir^nir,  the  former  of  which  signifies 
weighty  and  the  latter  to  measure.  It  was  the  mven'* 
tion  of  Toriicelli,  a  disciple  of  the  celebrated  Galileo, 
who  employed  it  chiefly  to  prove  the  gravity  of  the 
air  in  which  we  live  and  breathe.  But  it  was  Pascal 
who  first  discovered  its  variations,  by  means  of  the 
famous  experiment  which  he  caused  nis  brother-in^ 
law  to  make  on  the  Puy*de-Dome,  a  mountain  in 
the  neighbourhood  of  Clermont.  It  enabled  him 
to  demonstiate,  in  the  most  evident  manner,  the 
giavity  of  the  air,  which  some  still  persisted  to 
deny^  notwithstanding  the  cxpeiiment  ofToriicelli. 
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A  barometer  may  be  easily  constructed  withotrr 
much  expence.  Provide  a  vessel,  some  inches  izt 
dq>th9  filled  with  mercury,  and  a  glass  tube  30  or 
35  inches  in  length,  hermetically  sealed  at  one  ead. 
Invert  the  tube,  that  is  to  say  turn  the  sealed  end 
downwards,  and  fill  it  with  mercury  ;  apply  your 
finger  to  the  top  so  as  to  keep  it  shut,  and  having 
turned  the  sealed  end  uppermost,  immerse  the  open 
end  into  the  mercury  in  the  vessel,  and  remove 
yo\^r  finger,  fo  as  to  allow  the  mercury  in  the  tube 
to  have  a  communication  with  that  in  the  vessel  : 
the  column  of  mercury  contained  in  the  tube  will 
then  fall,  but  in  such  a  manner  that  its  upper  extre- 
mity will  remain  about  28  inches,  more  or  less, 
above  the  level  of  the  mercury  in  the  vessel,  if  the 
experiment  be  performed  at  a  small  height  only 
above  the  level  of  the  sea.  In  this  manner  you  will 
have  a  barometer  constructed  ;  and  if  by  any  con- 
trivance you  c^n  fix  the  tube,  thus  immersed  in  the 
mercury,  the  end  of  the  column  of  mercury  will  be 
seen  to  fluctuate  between  the  height  of  27  and  28 
inches,  or  29  and  30  inches  English,  according  to 
the  different  constitutions  of  the  atmosphere. 

This  is  a  barometer  of  the  simplest  kind,  and 
such  as  it  was  when  it  came  from  the  hands  of 
Tonicelli.  At  present,  a  glass  tube,  from  33  to 
36  inches  in  length,  is  employed  :  it  is  hennetically 
sealed  at  the  one  end,  nnd  bent  at  the  other,  after 
having  been  dilated  at  an  enameller's  lamp,  so  as  to 
resemble  a  phial,  as  seen  in  the  figure,  pi.  3,  fig.  i6. 
This  tube  is  filled  by  inclining  it,  and  pouring  in 
the  mercury  at  different  times,  in  such  a  manner, 
that  when  placed  upright  the  mercury  in  the  phial 
rises  only  to  about  half  its  height,  as  AB.  The 
difference  between  the  line  CAB  and  the  line  DE, 


coKstttucrio)^  or  èamuetem.       131 

àt  which  the  niercurv  maintains  itself,  is  the  height 
bf  the  column  which  counterbalances  the  pressure 
of  the  atmosphere,  as  may  be  easily  conceived.  This 
glass  tube,  when  filled  with  mercury,  is  affixed  to 
a  piece  of  board,  more  oi^  less  ornamented  ;  the  in- 
terval between  the  28th  and  3  ist  inch  above  CB,  is 
divided  into  tenths,  and  the  words  settled  weather^ 
fairy  charigeable,  rainy  stormy j  9xe  inscribed  at  equal 
distances,  beginning  at  the  Une  of  28  inches.  Such 
IS  the  construction  of  the  barometers  commonly  sold 
in  the  shops  ;  but  to  render  them  good^  some  pre- 
cautions are  necessary. 

1st.  The  diameter  of  the  phial,  or  lower  recep- 
tacle of  the  mercury,  must  be  considerably  larger 
than  that  of  the  tube,  otherwise  the  lipe  AB,  as 
inay  be  easily  perceived,  will  sensibly  vary  as  the 
^  mercury  rises  or  falls. 

2d.  The  mercury  must  be  purified  from  air  as 
much  as  possible,  or  at  least  to  a  certain  degree  ; 
and  the  tiibe  ought  to  te  heated  and  nibbed  in  the 
inside,  to  remove  the  rhoisture  and  dust  which  gene- 
rally adheres  to  it  ;  otherwise  there  will  be  a  disen- 
gagement from  it  of  air,  which  occupying  the  upper 
jpart  of  the  tube,  will^  by  its  elasticity,  form  a  coun- 
terpoise to  the  gravity  of  the  atmosphere,  and  cause 
the  column  to  remain  lower  than  it  ought  to  do. 
This  air  also,  being  dilated  by  heat,  will  produce 
on  the  column  of  mercury  a  much  greater  effect, 
so  that  its  motions  will  depend  both  on  the  hear 
and  gravity  of  the  air,  while  it  ought  to  depend  on 
the  latter  cause  alone^ 
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PROBLEM    XXVII. 

Does  the  suspension  of  the  mercury  in  the  barometer  de^ 
pend  on  the  gravity  or  the  elasticity  of  the  air  ? 

We  introduce  this  question,  merely  because  it 
has  been  discussed  in  some  books  of  natural  philo- 
sophy, the  authors  of  which  have  determined  that 
this  phenomenon  ought  to  be  ascribed  to  the  elas- 
ticity, and  not  to  the  gravity  of  the  air.  The  fol- 
io .vîng  analysis  will  shew  how  ill  founded  is  the 
reasoning  of  those  who  entertain  this  opinion. 

In  this  question  there  are  two  cases.  In  one  of 
them  the  barometer  is  supposed  to  be  placed  in  the 
open  air  ;  and  this  properly  is  the  one  whick  wc 
here  propose  to  examine.  In  the  other,  it  is  sup- 
posed to  be  shut  up  in  a  room  so  close»  that  no  air 
can  penetrate  to  it  ;  or  under  the  receiver  of  an 
air-pump,  from  which  the  air  is  excluded. 

It  is  evident,  in  the  second  case,  that  the  cause  of 
the  suspension  of  the  mercury  is  the  elasticity  of  the 
air  alone  ;  but  to  extend  this  to  the  case  where  the 
barometer  is  exposed  to  the  open  air,  is  reasoning, 
we  will  venture  to  say,  in  a  manner  unworthy  of  a 
philosopher. 

To  ascertain  to  which  of  the  two  causes  the  sus- 
pension of  the  mercury  in  the  barometer,  exposed  to 
the  open  air,  ought  to  be  ascribed,  let  us  suppose  the 
air  to  be  deprived  of  its  weight  or  elasticity  ;  and  let 
us  examine  what  would  be  the  consequence. 

If  the  air  were  deprived  of  its  elasticity,  it  is 
evident  that  it  would  fall  back  upon  itself,  and  form 
around  the  earth  a  kind  of  ocean  of  a  peculiar  fluid, 
the  height  of  which  would  be  much  less  than  that  of 
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bur  atmosphere  ;  bu;  it  would  still  have  the  same 
weight,  for  a  ball  of  hair  which  has  lost  its  elasticity, 
and  is  reduced  to  a  Ic  ss  voIUme,  weighs  as  much  as 
it  did,  when  in  consequence  of  its  elasticity  it  occu- 
|)ied  a  much  larger  space.  The  mercury  in  the 
barometer,  if  immersed  to  the  bottom  of  this  fluid, 
would  sustain  neither  more  nor  less  pressure,  and 
consequently  would  maintain  itself  at  the  same 
height. 

Let  us  now  snppose,  on  the  other  hand,  that  the 
air,  preserving  its  elasticity,  has  lost  its  gravity* 
In  this  case,  as  the  parts  of  tne  air  would  experience 
no  impediment  to  recede  from  each  other,  that  is  to 
say,  as  their  elasticity  would  not  be  compressed  by 
the  weight,  resulting  from  the  force  exercised  by  the 
superior  on  the  imerior  parts,  the  air  would  bo 
dissipated,  without  exercising  any  action  on  the 
column  of  mercury  ;  unless  we  suppose,  at  the  top 
of  the  atmosphere,  a  transparent  arch  to  confine  thô 
elasticity  of  the  air  ;  for  it  is  necessary  that  a  spring, 
to  exercise  an  action  with  one  of  its  extremities, 
ought  to  rest  against  some  fixed  point  with  the 
other.  But  as  such  a  supposition  is  ridiculous,  it  ii 
evident  that  what  confines  the  spring  or  elasticity  of 
the  air  is  its  weight. 

Since  the  air  then,  if  deprived  of  its  weight,  and 
endowed  with  all  the  elasticity  possible,  would  have 
no  action  on  the  mercury  in  the  barometer  ;  and, 
on  the  other  hand,  as  it  would  still  maintain  thô 
mercury  at  the  same  height,  though  deprived  of  its 
elasticity,  provided  it  retained  its  weight,  it  may  be 
asked  to  what  cause  this  suspension  ought  to  be 
ascribed  ?  The  answer  is  so  easy  that  it  is  netdless  to 
mendon  it. 
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PVLOtLEU  XXVIII* 

Use  of  thé  barometer  toforetel  the  approach  affine  or  rf 
bad  weather.  Precautions  to  be  observed  in  this 
respect^  in  order  to  avoid  error. 

One  of  the  principal  uses  of  the  barometer,  is  to 
foretel  the  approach  of  fine  or  of  bad  weather.  Ex- 
perience has  indeed  shewn  that  the  rise  of  the  baro- 
meter, above  its  mean  height,  is  generally  followed 
by  fine  weather  ;  and,  on  the  other  hand,  that  when 
it  falls  below  that  height,  it  indicates  the  continuation 
or  approach  of  rain.  These  rules  however  are  not 
absolutely  general,  and  infallible.  Wind  also  has  a 
great  influence  on  the  rise  or  fell  of  the  mercury  in 
tne  barometer  ;  and  therefore  we  think  it  necessary 
,  to  give  a  few  rules,  founded  on  observation,  which 
may  enable  those  who  have  barometers,  to  form  a 
more  certain  opinion  respecting  their  indications. 

I  St.  The  rising  of  the  mercuiy  announces,  in 
general,  fine  weather  j  and  its  fell  is  a  sign  of  bad 
weather,  as  rain,  snow,  hail,  or  storms. 

2d.  During  very  hot  weather,  a  sudden  fall  of 
the  mercury  indicates  a  storm  and  thunder. 

3d.  In  winter,  the  rising  gf  the  mercury  presages 
frost  ;  and  in  the  time  of  frost,  if  the  mercury  fells 
three  or  four  lines,  it  announces  a  thaw  ;  but  if  \^ 
rises  during  a  continued  thaw,  snow  will  certainly 
follow. 

4th.  When  bad  weather  takes  place  immediately 
after  a  fall  of  the  mercury,  it  will  not  be  of  long 
duration  ;  and  the  case  will  be  the  same  in  regard 
tQ  fine  weather,  if  it  speedily  follows  a  rise  of  the 
mercury. 
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5tlL  But  during  bad  weather,  if  the  mercury 
rises  a  great  deal,  and  continues  to  do  so  for  two  or 
three  days,  before  the  bad  weather  is  past,  a  change 
may  be  expected  to  fine  weather,  which  will  be  of 
some  duradon. 

Çth.  In  fine  weather,^  if  the  mercury .  falls  very 
low,  and  continues  so  for  two  or  three  ds^ys  before 
rain  takes  place,  there  is  reason  to  conclude  that  the 
rain  will  be  violent,  of  long  duration,  and  accom- 
pauied  with  a  strong  wind* 

7th.  Irregularity  in  the  motion  of  the.  fliercury^^ 
announces  uncertam  and  variable  weather* 

Si|ch  are  the  rules  given  by  Desaguliers,  according 
to  a  series  of  observations  made  by  Mr.  Patrick,  a 
celebrated  constructor  of  barometers,  at  London. 

But  there  can  be  no  doubt  that  they  are  liable  to 
exceptions  and  variations. 

It  is  known,  for  example,  that  in  the  countries 
situated  between  the  tropics,  the  barometer  scarcejy 
varies  j  on  the  borders  of  the  sea  it  always  maintains 
itself  within  a  few  lipes  moye  or  less  of  28  inches  *. 
This  is  a  phenomenqii  difficult  to  be  explained  ;  and 
no  rei^ofi  ever  yet  assigned  for  it,  appears  satis- 
factory* Those  therefore  would  be  deceived  vh.o 
should  apply  the  above  rules  to  a  barometer,  tnm$* 
ported  to  these  countries. 

It  frequently  happens  also,  that  the  falling;  of  the 
mercury  takes  place  without  any  rain  ;  but  in  that 
case  a  considei  a,ble  degree  of  wind  p/e vails,  if  not  in 
the  lower,  at  least  in  the  upper  part  of  the  atmo- 
sphere ',  for  Mr.  Hauksbee  contrived  an  experiment, 

/  *  The  natural  mean  height  of  the  barometer  is   10 

English  inches.    On  this  subject,  see  die*remark  added  to 
the  table  of  the  heights  of  mountains,  Proi,  44* 


.* 
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))7  which  he  produced  that  eflfect  on  the  barometer 
artificially. 

*  PROBLEM    XXIX. 

How  comes  it  that  the  greatest  height  of  the  barometer 
announces  Jine  weather^  and  the  least  the  approach  of 
rain  or  of  bad  weather  ? 

Those  not  acquainted  with  the  progress  of  the 
barometer,  and  who  are  ignorant  that  the  mercury 
generally  rises  when  the  sky  is  serene  and  *  the  air 
yery  pure,  and  that  its  fall,  on  the  other  hand,  gene- 
rally takes  place  before  rain,  would  no  doubt  judge 
differently,  and  suppose  that  the  mercury  ought  to 
^all  when  the  air  is  serene  and  pure,  and  to  rise  when 
the  air  is  charged  and  impregnated  with  vapours  ; 
for  it  is  natural  to  believe,  that  pure  and  serene  air 
is  lighter  than  that  which  holds  in  solution  a  great 
deal  of  vapours.  The  progress  of  the  mercury  in 
the  barometer  is  however  quite  the  reverse  ;  it  is 
therefore  a  phenomenon  which  has  been  the  subject 
*of  much  discussion  among  philosophers,  but  without 
success  ;  for  all  their  explanations  overturn  them- 
selves, and  not  one  of  them  will  bear  examination. 

Some  philosophers  have  said  :  the  air  is  never 
more  serene  and  more  transparent  than  when  well 
charged  with  vapours,  or  at  least  when  they  are 
perfectly  dissolved  and  combined  with  it  ;  for  it  is 
the  property  of  perfect  solutions  to.  be  transparent  :  it 
is  not  therefore  astonishing  that  the  mercury,  being 
pressed  down  by  a  greater  weight,  should  in  thi§ 
Case  rise.  But  whçn  the  aqueous  vapours  are  sepa- 
rated from  the  air  by  any  cause,  they  disturb  its 
transparency,  and  begm  to  be  precipitated  :  they  no 
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longer  contribute  to  its'  weight,  since  they  are  not 
suspended  in  it  ;  and  as  a  proof  of  this,  they  quote 
the  celebrated  èxperiraeAt  of  Rammazini,  which  is 
as  follows. 

Take  a  narrow  vessel,  several  feet  in  height,  and 
having  filled  it  with  water,  place  upon  it  a  bit  of 
cork,  with  a  leaden  weight  suspended  from  it  by  a 
thread,  so  that  the  whole  shall  float.  When  the 
vessel  has  been  thus  prepared,  put  it  into  the  scale  of 
a  balance,  and  load  the  other  scale  until  an  equili- 
brium is  produced.  If  thé  thread  by  which  the  lead 
is  attached  to  the  cork,  be  then  cut,  it  is  observed 
that,  while  the  lead  is  falling,  this  side  of  the  balance 
Is  lightened,  and  the  other  preponderates.  Hence  it 
is  evident,  say  the  above  philosophers,  that  while  a 
weight  is  falling  in  a  fluid,  it  exercises  no  pressure 
on  the  base  ;  consequently,  while  the  vapours,  col- 
lected in  the  air,  are  precipitating  themselves,  or 
after  they  begin  to  be  precipitated,  the  air  is  lighter, 
and  the  mercury  becomes  charged  with  a  less  weight. 

This  reasoning,  which  is  that  of  Leibnitz,  is 
exceedingly  ingenious.  Unfortunately  however  the 
experiment  of  Kammazini  proves  only,  that  the  scale 
of  the  balance  is  unloaded  during  the  fall  of  the 
weight  ;  but  it  does  not  prove  that  the  bottom  of  the 
vessel  is  eased  by  the  quantity  of  the  weight  which 
is  falling  ;  for  these  are  two  things  very  different. 
Recourse  must  therefore  be  had  to  another  ex- 
planation. 

For  our  part,  we  agree  with  M.  de  Luc*, 
that  the  only  cause  of  the  falling  of  the  mercury  in 
the  barometer,  on  the  approach  of  rain,  is  the  dimi* 

*  Traite  des  Baromctres,  Thermomètres^  &c.  Geneve,  1770, 
2  vols.  4to. 
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nution  of  the  gravity  of  the  air,  when  saturated 
with  aqueous  vapours.  In  our  opinion  there- 
fore, the  air  is  never  heavier  thah  when  it  is 
exceedingly  pure  ;  and  we  are  inclined  to  think 
BO  for  various  reasons. 

The  vapours  seen  floating  in  the  atmosphere, 
pnder  the  form  of  cloutl^^,  are  nothing  but  à 
solution  of  water  in  air  :  while  this  combination 
is  imperfect,  it  is  only  semi-transparent,  as  \s  the 
case  in  regard  to  all  solutiptw.  The  vapours, 
when  in  that  state,  are  observed  {o  risç  m  the 
atmosphere,  and  hence  there  is  reason  to  con- 
clude that  they  are  lighter  thçin  air.  The  state 
of  the  air,  in  regard  to  gravity,  wlipq  thus  charged 
with  vajKJurs,  maybe  deduced  from  the  gravity 
of  the  vapours  themselves;  and  since  they  are 
lighter  than  the  air  in  which  they  ascend,  we  must 
infer  that  the  air,  in  which  they  are  dissolved  is 
lighter  than  pure  air.       i 

But  it  may  be  said,  how  can  we  conceive  that 
air  combined  with  a  fluid  heavier  than  itself 
should  become  lighter?  It  may  be  replied,  that 
if  the  combination  here  meant  were  only  the 
interposition  of  watery  particles  between  those 
OÏ  the  air,  as  might  have  been  believed,  before 
the  improved  state  of  chemistry  had  thrown 
light  on  a  number  of  questions  relating  to  the 
most  common  phenonjcna,  this  would  be  im- 
possible. But  this  is  not  the  mechanism  of  so- 
lutions, or  of  the  combination  of  bodies  with 
each  other  ;  each  particle  of  the  solvent  combines 
with  each 'particle  of  the  dissolved  body,  and 
it  is  not  improbable  that  this  takes  place 
here  by  the  medium  of  fire,  which  is  far  lighter 
than  either  air  or  water.  ^AVe  can  therefore  form 


4>?  ^AliOMETBRf.  lag 

no  conclusion  respecting  (he  weight  of  compound 
particles  from  that  ot  the  separs^ted  particles. 
Besides,  in  this  state  of  combination,  they  may 
be  endowed  with  a  grater  répulsive  forc^  ;  aq4 
this  even  seems  tb  be  very  probable,  since  the 
expansibility  of  water,  when  reduced  ipto  var 
pour,  is  immense.  .There  can  be  no  absurdity 
then  in  asserting  that  air  cbarged  with  var 
pours  is  lighter  than  pure  air.  This  will  perhalps 
|>e  demonstrated  some  day  à  priori^  by  chemical 
processes  ;  and  should  this  be  the  case,  philosor 
phers  will  be  much  surprised  at  the  difficulty 
which  has  hitherto  occurred  in  attempting  to 
explain  the  falling  of  the  mercury  iu  the  baro- 
meter, on  the  approach  of  raih. 

PROBLEM  XXX. 

Of  the  Compound  Barornfit^r.        ,    • 

It  has  already  been  seen  that  a  column  of 
Mercury  of  about  30  inches  in  height  is  necessary 
to  counterbalance  the  weight  of  the  atmosphere; 
and  hence  it  follows,  that  a  simple  barometer 
can  never  be  at  a  less  height,  unless  %omt  fiiiid 
heavier  than  mercury  be  employed.  A»  this  length 
has  been  found  inconvenient,  attempts  have  • 
been  made  to  shorten  it  ;  with  a  view,  as  would 
seem,  of  confining  it  within  the  same  extent  as 
the  thermometer,  which  may  be  reduced  to  a 
much  less  size.  The  method  in  which  this  has 
been  accomplished,  is  as  follows  : 

The  principle  of  the  construction  of  these  baro- 
meters, consists  in  opposing  several  columns  of 
ioercury  to  one  of  air;  so  that  these  columns 
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taken  together  shall  have  the  same  length,  viz, 
30  inches»  which  one  ought  to  have  in  order  to 
be  in  equilibrium  with  the  weight  of  the  atmo- 
sphere. Consequently,  30  inches,  or  the  com- 
mon  height  of  the  mercury,  must  be  divided  by 
the  length  intended  to  be  given  to  the  barometer: 
the  quotient  will  give  the  number  of  columns  of 
mercury  which  must  be  opposed  to  the  weight 
of  the  air. 

Thus»  if  a  barometer  only  15  or  1 6  inches  in 
length  be  required,  it  must  be  formed  of  three 
glass  tubes,  joined  together  by  four  cylindric 
parts  of  a  larger  size,  as  appears  pi.  3  fig.  17. 
Two  of  these  tubes  must  be  filled  with  mercury, 
and  have  a  communication  with  each  other,  by 
means  of  the  third,  which  ought  to  be  filled 
with  a  lighter  fluid.  Thus  the  first  branch, 
from  D  to  E,  is  filled  with  mercury  :  the  second, 
from  E  to  F,  is  half  filled  with  coloured  oil  of  tar- 
tar, and  half  with  carob-bean  oil  ;  and  the  third, 
from  Fto  G,  is  filled  with  mercury.  This  arrange- 
ment therefore  is  the  same  thing,  as  if  these  two 
columns  of  mercury  were  placed  one  above  the 
other;  for  it  may  be  easily  perceived  that  the 
column  of  mercury  FG,  presses  on  the  first  by 
means  of  the  intermediate  column  F  E,  exactly 
in  the  same  manner  as  if  it  were  above  it.  In 
this  kind  of  barometer,  it  is  the  separation  of 
the  two  liquors,  contained  in  the  branch  E  F, 
that  serves  to  indicate  the  variations  of  the 
weight  of  the  atmosphere  ;  and  for  this  reason 
these  two  liquors  must  be  of  dift'ercnt  colours, 
and  of  difterent  specific  gravities,  to  prevent 
them  from  mixing. 

To  fill  this  barometer,  stop  the  aperture  A, 
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find  pour  mercury  into  the  two  lateral  branches 
through  the  aperture  B;  then  pour  the  two 
Jiquors  into  the  middle  braàch,  through  the 
same  aperture  ;  after  which  it  raust  be  herme- 
tically sealed. 

If  a  barometer  only  9  or  40  inches  in  height 
were  required,  30  must  be  divided  by  9  or  10, 
which  will  give  3  ;  consequently,  three  branches 
containing  9  or  10  ipches  of  mercury,  and  two 
communicating  branches  filled  with  oil  of  tartar 
and  carob  oil,  will  be  necessary.*  This  barome- 
ter, consisting  of  five  branches,  is  represented 
pi.  3  fig.  1 8.  It  maybe  proper  to  observe,  that 
the  height  of  each  branch  ought  to  be  estimated 
by  the  difference  of  the  level  of  the  liquor  in  the 
upper  reservoir,  and  that  of  the  liquor  in  thç 
lower. 

This  construction,  invented  by  M.  Amoutons, 
has  the  advantage  of  lessening  the  height  of  the 
barometer,  which  is  sometimes  inconvenient; 
and  of  rendering  it  fitter  for  being  employed  un- 
der certain  circumstances  as  an  ornament.  But 
it  is  to  be  observed,  that  this  advantage  is  gained 
at  the  expence  of  exactness.  M.  de  Luc,  who 
•  has  made  barometers  his  particular  study,  and 
Vho  has  treated  the  subject  better  than  any  other 
person,  says,  that  he  never  was  able  to  obtain  a 
tolerable  instrument  of  this  kind.  The  inter- 
mediate column  acts  as  a  thermometer;  and 
those  who  have  attempted  to  prove  that  this  does 
not  injure  the  accuracy  of  the  instrument,  did 
not  reflect,  that  their  reasoning  is  true  only  when 
the  line  of  the  separation  of  the  two  colours,  is 
in  the  middle  of  the  height  of  the  tube. 
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fThat  space  would  ie  oecupied  by  a  cubic  inch  of 
airy  if  carried  to  the  height  of  the  earth's  semi* 
diameter  ? 

é 

We  have  already  mentioned  that  air,  in  con- 
•sequence  of  its  elasticity,  when  charged  with  a 
double  weight,  is  reduced  to  one  half  of  its  vo- 
lume, and  so  om  in  proportion  ;  at  least  as  far 
fi5  has  hitherto  been  found  by  the  experiments 
made  on  that  subject.  For  the  same  reason,  when 
freed  from  the  half  of  the  weight  \vhich  it  sup- 
}K>rts,  it  occupies  a  double  space  ;  and  a  qua- 
Sdruple  space,  when  it  has  only  a  fourth  part  of 
the  weight  to  support.  Thus,  for  example,  on 
ascending  a  mountain,  when  it  is  fqund  th^t  th6 
mercury  has  fallen  half  the  height  at  which  it 
stood  at  the  bottom  of  the  mountain,  it  is  con- 
cluded that,  being  freed  from  half  the  weight 
which  it  supported  when'  in  the  plain,  it  has 
been  dilated  to  double  the  volume,  or  that  the 
stratum  of  the  suiTounding  air  has  only  half 
the  density  of  that  at  the  bottom  of  the  moun- 
tain ;  for  the  density  is  in  the  inverse  ratio  of 
the  space  occupied  by  the  same  quantity  of 
matter. 

This  law  of  the  dilatation  of  the  air,  in  the 
inverse  ratio  of  the  weight  with  which  it  is 
loaded,  has  enabled  geometricians  to  demon- 
strate, that  as  one  rises  in  the  atmosphere,  the 
density  decreases,  or  rarefaction  increases  in  a 
geometrical  progression,  while  the  heights  to 
which  one  rises  increase   in   arithmetkal  pro- 
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gression.  Hence,  if  it  be  known  to  what  height 
we  must  rise  to  have  the  air  rarefied  onfe  fourth^ 
for  example,  or  reduced  to  three  foulrths  of  thé 
density  which  it  has  on  the* borders  of  the  sea, 
we  can  tell  that  at  a  double  height,  its  density 
will  be  the  square  of  |^  or  t^  ;  at  a  triple  height 
it  will  be  the  cube  of  ^,  or  44  J  ^^  snort,  at  a 
hundred  times  the  height,  it  will  be  the  looth 
power  of  ^,  &c.  Or,  if  the  ratio  of  the  den- 
sity of  the  air,  at  the  height  of  1760  yards,  ot 
I  mile,  to  the  density  ot  the  air  on  the  borders 
.  of  the  sea,  has  been  determined,  and  if  we  call 
this  ratio  D,  we  shall  have  D*  for  the  expres- 
sion of  that  rjitio  at  the  height  of  2  miles; 
at  3  miles  it  will  be  D',  &c;  and  at  «  miles,  it 
will  be  l)\ 

But,  it  is  known  by  experiment  that  at  the 
perpendicular  height  of  a  mile,  above  the  level 
of  the  sea,  the  mercury,  which  on  the  borders 
of  the  sea  was  at  the  height  of  a8  inches,  or 
336  lines,  falls  to  22  inches  4  lines,  or  268  lines, 
or  the  height  of  the  mercury  at  that  elevation 
is  expressed  by  the  fraction  444»  unity  being  the 
whole  height.     Hence  it  follows,  that  the  ratio 
of  the  density  of  the  air  at  that  height,   to  the 
density  of  the  air  on  the  borders  of  the  sea,  is 
expressed  by  tha.t  fraction  ;  consequently  to  find 
what  this  ratio  would  be  at  the  height  of  the 
earth's  semi-diameter,  we  must  first  know  how 
many  miles  are  contained  in  that  semi-diameter. 
Let  us  suppose  that  there  are  3000.    We  must 
therefore  raise  the  above  fraction  |46>  o^  tt>  ^ 
the   3000th  power,   which  may  be  easily  dotfe 
by  means  of  logarithms  ;  for  taking  the  logarithm 
of^,  which  is  —  00982045,  and  multiplying 
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it  by  3eoo,  we  shall  have  for  the  logarithm  of 
the  required  number  —  294'6i3500o  ;  which  in- 
dicates that  this  number  is  composed  at  least  of 
ags  figures.  We  may  therefore  say,  that  the 
density  of  the  air  which  we  breathe  at  the  sur- 
face of  the  earth,  is  to  that  which  we  should  find 
at  the  height  of  the  earth's  semi-diameter,  as  a 
number  consisting  of  295  figures^  is  to  unity.  It 
is  needless  to  make  a  calculation  to  prove,  that 
the  sphere  even  of  S(aturn  does  not  contain 
as  many  cubic  inches,  as  are  expressed  by  that 
namber  ;  and  consequently  that  a  cubic  inch  of 
air,  carried  to  the  height  of  the  earth's  semi- 
diameter  above  its  surface,  would  be  extended  in 
such  a  manner,  as  to  occupy  a*  space  greater 
than  the  sphere  of  Saturn. 

We  shall  here  just  observe,  that  this  rarity 
would  be  still  greater,  for  the  following  reason. 
We  have  supposed  the  gravity  uniform,  which 
is  not  the  case  ;  for  as  gravity  decreases  in  the 
inverse  ratio  of  the  distance  from  the  centre  of 
the  earth,  it  thence  follows,  that  in  proportion 
as  one  rises  above  the  surface,  this  gravity  is 
diminished  ;  so  that  at  the  distance  of  a  semi- 
diameter  from  the  earth,  it  is  only  a  fourth  part 
of  what  it  was  at  the  surface:  every  stratum  of 
air  then  will  be  less  loaded  by  the  superior 
strata,  since  they  will  weigh  less  at  the  same 
height,  than  on  the  preceding  supposition  :  con- 
sequently, the  air  will  be  more  dilated.  Newton 
has  shewn  the  method  of  making  the  calcula- 
tion ;  but  for  the  sake  of  brevity  we  shall 
Qjnit  it. 
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REMARK. 

Tlie  extreme  rarity  of  the  air,  at  a  distance  so 
moderate,  may  serve  as  a  proof  of  the  great  te- 
nuity of  the  matter  with  which  the  celestial  space 
is  filled.  For  if  its  density  were  every  where  the 
same  as  it  is  at  the  distance  of  the  earth's  semi- 
diameter,  it  may  be  easily  perceived  how  little 
the  planetary  bodies  can  lose  of  their  motion  by 
traversing  it.  The  moon,  during  the  many 
thousand  years  she  has  been  revolving  round 
the  earth  cannot  yet  have  displaced  a  quantity 
equal  to  a  cubic  foot  of  our  air. 

PROBLEM  XXXII. 

If  a  pu  were  dug  to  the^  centre  of  the  earth,  what 
would  be  the  density  of  the  air  at  the  dijflerent 
depths  J  and  at  the  bot  ion}  of  it  ? 

We  shall  begin  our  answer  to  this  question  by 
observing,  that  one  could  not  proceed  to  a  very 
great  depth,  without  coming  to  air  so  highly 
condensed,  that  a  person  would  float  on  it,  in  the 
same  manner  as  cork  does  on  mercury.- 

This  is  evident,  if  we  suppose  the  gravity  at 
the  different  depths  of  the  pit  to  be  uniform  ;  for 
at  the  distance  of  a  semi-diameter  below  the  sur- 
face, the  density  must  be  to  that  of  the  air  at  the 
surface  in  the  inverse  ratio  of  the  density  of  the 
latter,  to  that  of  the  air  at  the  distance  of  a  semi- 
diameter  above  it.  But  we  have  seen  by  what  a 
number  the  rarity  of  the  latteris  expressed  ;  and 
the  same  number  will  express  the  coudeasation 
at  the  centre. 
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Quicksilver  is  not  quite  14Ô00  times  as  heavy 
as  the  air  which  we  breathe  ;  and  therefore  the 
air  at  the  centre  would  be  thoifeands  of  millions  of 
Hiillions&c.  of  times  denser  than  mercury:  But, 
for  the  sake  of  amusement,  since  we  are  oh  thé 
subject  of  philosophical  recreations^  let  us  examine 
the  most  probable  hypothesis  of  the  gravity  which 
prevails  in  the  case  stated  in  this  problem.  The 
gravity  would  not  be  uniform  ;  it  would  decrease 
on  approaching  the  centre,  being -exactly  as  thé 
distance  from  the  centre.  But  Newton  has 
shewn  that  as  the  squares  of  the  distances,  from 
the  centre,  in  this  case  decrease  arithmetically^ 
the'densities  would  increase  geometrically. 

We  must  then  first  find  what  would  be  the  den- 
sity of  the  air  at  a  determinate  depth,  such  as 
1000  toises,  for  example.  But  this  is  easy,  on 
account  of  the  proximity  of  that  depth  to  thé 
surface  ;  for  if  the  density  at  the  surface  be  ex- 
pressed by  unity,  that' at  the  depth  of  1000  toises 
or  a  mile  below  it,  M^ill  be  the  inverse  of  lood 
toises  above  it!  But  the  latter  was  expressed  by 
4^,  consequently  the  expression  for  the  former 
trill  be  44.,  or  1+^;  hence  the  density  being  1, 
at  the  distance  of  3000  miles  from  the  centre,  thé 
density  at  the  distance  of  2999,  will  be  ^,  Let 
Us  then  square  3000,  which  gives  9000000,  and 
also  Î2999,  which  gives  8994001  ;  the  différence 
between  these  squares  is  5999,  by  which  if  9000000 
be  divided,  we  shall  have  the  quotient  1500,  for* 
the  number  of  squares  decreasing  arithmeti-» 
cally  at  the  same  rate^  that  are  contained  in 
that  square.  If  the  logarithm  of  I4.,  which  is 
0*0982045,  be  multiplied  by  1500,  the  product 
will  be  147  3067500,  or  the  logarithm  of  the 


density  at  die  centre,  that  at  the  surface  being  t. 
But  the  number  corresponding  to  this  logarithm, 
would  contain  148  figures  at  least;  whence  it 
follows,  that  the  density  of  the  air,  at  the  centre 
of  the  earth,  would  be  to  that  at  the  surface,  as 
a  number  consisting  of  148  figures,  or  at  least 
unity  followed  by  147  ciphers,  to  unity.    : 

Were  it  required  to  determine  at*  what  depth 
the  air  would  have  the  same  density  as  water,  it 
will  be  seen  by  a  calculation-  founded  op  the 
same  principles,  that  it  would  be  at  the  distance 
of  30  miles  below  the  surface. 

It  will  be  found,  in  like  manner,  that  at  the 
depth  of  4a  miles  below  the  surface,  thé  air  would 
have  the  same  density  as  quicksilver.  '        ,      .* 


PROBLEM  XXXllI. 

Of  the  Air  Gun. 


I  « 


This  instrument,  for  the  invention  of  which 
we  are  indebted  to  Oltô*Guefiké;  burgomaster  of 
Magdebourg,  so  celebrated  about  the  middle- ^f 
the  xyth  century  by  his  pneiiteatic  ékpèrittënts,  \i 
a  machine  in  which  the  elastrcity  of  air^  violently 
compressed,  is  employed  to  project 'a  •  bill  of 
lead,  in  the  same  manner  as  gunpowder.;^  It 
consists  of  an  air  chamber,  foiteed  by  the!  va^ 
cuity^  between  two  cylindric  and  VScmcenttic 
tubes,  placed  the  one  within  the  other:  the  bot- 
tom of  this  vacuity,  communicates  with '  a  ptimp^ 
concealed  in  the  butt  end  of  the  gUiii,/ and  fur- 
iiished  with  a  piston  which  serves  to  ^hitrJduc^ 
and -condense  the  air/  by  'means  oTVaf^ci  pro- 
perly adapted  for  the  purpojse.  The < baillis  plaOè4 
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9t  the  bottom  of  the  ixmer  tmbe,  w^here  k  U  rt* 
taînèd  by  a  litde  wadding,  and  at  the  bqttfttt 
there  is  an  aperture,  closed  by  a  valve^  .whidi 
cannot  opeh  untH  a  trigger  is  pulled. 

It  roaj  now  be  easily  conce;ived,  tliiat  when  the 
Jar  in  the  r^ervoir  or. chamber  is  ccnnpffessjc^d  as 
much  as  possible,  if  the  ball  be  plact^d'iaj::  the 
bottom  of  the  interior  tube,  and  if  the  trigger, 
adapted  to  open  the  valve. which  ;is  behitid  the 
ball;  .be  palled,  the  air  violently  compressled  in 
the  chamber  will  act  upon  it,  and  impel, it  with 
a  greater  or  less  velocity,  according  to  the  tiftie 
it  may  have  had  to  exert  its  action.     . 

To  make  an  air  gun  then  produce  jLhie  proper 
effect,  it  is  .secessary,  ist.  that  the  openhig  of 
die  valve  should  exactly  occupy  the  same  time 
that  the  ball  does  to  pass  through  the  length  of 
the  tube  ;•  for  during  that  time  the  air  will  acce- 
lerate its  motion^  t)^  expansion  of  the  air  being 
much  more  rapid  than  the  motion  of  the  ball. 
If  th/e  ç\i^m\^pr,  sboald  Remain  longer  open,  it 
would  be  a  mere  loss,  2(|»  The  b^Upnust  be  per* 
fectly  round,  and  exactly  fitted  to  the  calibre  of 
the  piece,  in  order  that  the  air  may  not  escape  at 
its  sides.  As  leaden  balls  are  not  always  very 
regular,  this  defect  may  be  remedied  by  wrapping 
1^  little  tow  around  it« 

When  the^e  requisites  have  been  attended  to, 
an  air  goq  will  discbarge  a  ball  with  autliçient 
force  to  pierce  a  board  two  inches  in  thickness, 
at.  the  distance  of  50,  and  even  of  100  paces. 
When  the  air  chamber  is  once  filled,  it  may  be 
f^Wpipye^  !?ight  pr  ten  ^imes  in  succession.  An 
£ngli^  ajrtist  even  invented  a  method  of  placing 
.^esp  bal]3^îpi  Tç$çry0  în  a^n^fdl  crooked  cnanneli 
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from  which  on  discharging  one  balU  another 
issued  to  occupy .  its  place  ;  so  that  a  person 
could  disctiarge  the  air  gun  ten  times  runnings 
much  sooner  than  the.  most  expert  Prussian 
soldier  could  fire  half  the  number  of  times.  It 
must  boweva^  be  observed,,  that  the.  force^ofrthe 
air;  çua  decreai^  in  proypojrtion  as  the  air  chapfv* 
ber IS  emptied.  .     .  .,      \.\ 

It  niay  bç  ea«i}y.concçived,  that  if  ttfif  instrii- 
mf nt,  ipstead  of  heit^fl;  .preservç^  j|i^  ]thé  caSinc^ts 
of  philosophersi .  shiH^  fall  intOfthe  hand3  of 
certain  pçr^His^  it;W9ulcl  be  a  osost  formidable 
weapon,  and  the  more  dangerous  a&  it  makes  no 
noise  when  discharged  But  as  gunpowder,  afber 
being  a  Ions  time  a  mere  ingredient  in  artificial 
fire-works,  became  tfae  soul  of  a  most  destructive 
instrument,  it  is  not  improbable  that  the  air  gun, 
when  brought  to  perfection,  may  in  like  manner 
be  employe  by  fumnes  to  destroy  each  pthqr, 
gloriously  and  without  remorse. 

The  air  gun  is  represented  pl^  3  fig.  1 9,  wbeye 
the  interval  between  the  two  cylinders,  wbidi 
serves  to  contain  the  air,  may  be  easily  «distin- 
guished :  M  N  is  the  piston,  by  which  the  air  is 
introduced  into  that  cnamber;  XL  the  valve,  ky 
which  a  communication  i»  formed  between  the 
chamber  and  the  cylinder  ;  and  O  is  the  trigger. 
This  mechanism,  may  be  so  easily  understpoa, 
that  no  farther  illustration  is  necessary.  , 
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OftheEùl^le. 

I 

-  Tbi(  Eôlîpyle  is  a  hollow  vetod  made  of  strong 
fnetal/ and  generallj^'in  the  form  ot  a  pear,  ter^ 
ininatine,  iu  a  long  tail,  somewhat  bent.  It  i^ 
^Uêdwiâi!  water  or  some  other'îîqubi^i  bv  first  exr 
posmg  it' iJ:)' 'a  strong  fi«iHt/ ^d  then  immersifrg 
|t  in  tiie.  li^or  to  be  iqéi^nced  into  it.  While 
the  interior  M^  coht:rk<r^  ^itse|f  tq^  resdftie  its 
former  volume,' '  thte  liquor,  in .  consequence  of 
the  pressure  bflfhfe  external  air»  must  nec^arily 
fnter  to  sudbTy  if!;  place.  *•»       ' 

If  the  eolipyie,  yhen  filled  in  this  riianner,  be 
placed  on  burning  coals,  the  water  it  contains  is 
reiifuded  into  yapojir,  which  escapes  bv  the  nar- 
row orifice  iti  the  tail  :  tit  if  die  fluid;  by  the  po- 
sition of  the  eolipyle,  presents  itself  at  the  en- 
trancej  being  pressed  upon  by  the  vapour,  it 
issues  through  the  orifice  with  force^  aiid  forms 
a  pretty  high  jet 

If  brandy  has  been  employed  instead  of  water, 
you  may  set  fire  to  it  with  à  taper  ;  and,  instead 
frf  a  jet  of  water,  you  will  have  the  agreeable 
spectacle  of  a  jet  of  fire. 

*  This  experiment  serves  to  shew,  in  a  sensible 
manner,  the  strength  of  the  vapour  produced  by 
a  fluid  exposed  to  a  strong  heat.  For,  in  the 
first  case,  this  vapour  issues  with  impetuosity 
j;hrough  the  orifice  of  the  eolipyle,  and  in  the 
second  the  elastic  force  of  the  vapour,  pressing 
on  the  fluid,  makes  it  issue  through  the  same 
prifice. 
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HifS  experiment  may  be  xeii^ered  still  iHoijq 
amusing  m  the  foUowuig  mawier;  ^  Provide /tl 
Bort  of  small  chariot,  bearing  a  3pirit  of  wfne 
lamp^  and  place  the  b^Uy  of  the  èolipyle  pn  th^ 
latter;  close  the  orifice  of  the  éoUp^le  vitli^'a 
stopper  which  does  not  adhéré  tck)  ^rmly,  i^f^a 
then  kindle  the  lamp^  Some  time  after^  the  ^tbp;-! 
per  will  fly  out,  and  thé  fluid  or  vapour  will  mnp 
through  the  orifice  with  great .  .yioleAce,  'l^t 
.chariot  being  repelledi  at  ^le  s^mç  tiare/  l^.ibe 
resistance  which  the  fluid  qr  vappur  exp^rièiicâ 
fr6m  the  external  air^  receives  a /miptionb^clcf; 
war^fi  ;  and  if  the  axle-tree  of  th^  wheels  oefii^ed 
to  a  vertical  axis>  the  chiUridi  will  assumé  a^cir-. 
cular  motion,  Mrhich  will  continue  as  long  as  the 
colipyle  contains  any  portion  of  the  fluid.  . 

It  may  be  easily  conceived,  '  thgit  thi^  vesstl 
must  be  made  of  very  strong  metal,  otherwise  it 
might  bursty  and  either  kiU  or  wound  thé  spec^ 
tators. 

^ROËiÈM  xxky. 

To  construct  »malt  figures,  which  rerhain  >2mm 
penjed  in  vmter^  ana  which  rhay  be  made  to  daiijfiç 
and  to  rise  up  or  sink  dawn,  merely  by  pressing 
thejinger  against  the  orifice  of  the  bot  t lé  or  jar 
which  contains  them* 

First  construct  two  small  holloa  figures  of 
enamel  ;  but  in  the  lower  part,  representing  thé, 
feet,  leave  a  stnall  hole,  through  wiiich  a  drop  of 
water  can  be  introduced,  or  apply  to  the  back 
part  of  each  a  sort  of  appendage  in  the  form  of 
a  tau  pL  3  fig  %ç>,  pierced  at  the  endj  ^  that  à 


glirëater  or  le»  qtiantiQr  of  water  may  be  tnadc  to 
éhtér  itato  thw  tube.  Then  bring  the  figure  iflbo 
^uiïibrium  in  such  a  matinen  that  with  this 
SbiiM  drop  of  water,  it  ^hall  ktep  itself  upright, 
iiaa  remain  suspended  in  the  fluid.  Fill  the 
bottle  with  w^ter  to  ttie  chifice,  and  cover  it  with 
parchment,  which  mmt  bé  closely  tied  around 
tile  neck,  / 

When  yoit  are  desirous  of  putting  the  smalt 
litres  in  motion^  press  the  parchment  over  the 
cnfice  '  with  your  nnger,  and  the  figures  will 
^ëàûend  ;  if  you  remove  your  finger  they  wiH 
rise;  and  if  you  apply  and  remove  your  linger 
^ernately,  the  'figures  will  be  agitated  in  the 
middle'  of  the  liquor,  in  such  a  manner,  as  t6 
excite  the  astonishment  ùf  those  unacquainted 
With  the  cause. 

The  explanation  of  this  phenomenon  is  as  fol- 
lows. When  you  press  the  water  through  the 
parchment  which  covers  the  orifice  of  the  bottle, 
the  water,  being  incompressible,  condenses  the 
air  in  the  small  figure,  by  causing  a  little  more 
water,  than  what  it  already  contains,  to  enter  it. 
The  figure  having  thus  become  heavier,  muât 
sink  to  the  bottom  ;  but  when  the  finger  is  rcmov- 
tdy  the  compressed  air  resumes  its  former  volume, 
and  expels  the  water  introduced  by  the  compres- 
sion :  the  small  figure,  having  by  these  means 
become  lighter,  must  re-ascend. 
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"  PROBLEM   XXXVr. 

To  construct  a  iarometer,  which  shait  uHMcate  tkt 
wriutionê  of  the  atmosphere^  iy  meam  of  a  stnatl 
J^ure  that  rises  or  sinks  in  water. ^ 

Thb  principles  on  which  this  small,  curious 
barometer  is  constructed,  have  been '  explained  iA 
the  foregoing  problem.  For  since  the  pressure 
of  the  finger  on  the  water^  which  contains  the 
small  figure  in  question,  makes  it  descend,  and 
as  it  rises  again  when  the  pressure  is  removed,  it 
may  be  easily  conceived  that  the  weight  of  the 
atmosphere,  according  as  it  is  greater  or  less, 
must  produce  the  same  effect.  Hence,  if  the 
small  figure  be  equipoised  in  such  a  manner  as  to 
remain  suspended  during  varVaWe  weather,  it  will 
sink  to  the  bottom  when  the  weather  is  fine  ; 
«  because  the  weight  of  the  atmosphere  is  then 
more  considerabl«.  The  contrary  will  be  the 
case  when  it  threatens  raîn,  and  when  the  mer- 
cury in  the  barometer  falls  ;  for  the  \veight  of 
the  atmosphere,  which  rests  on  the  orifice  of  the 
bottle,  being  lessened,  the  small  figure  must  of 
course'  rise. 

PROBLEM  XXXVI  r. 

To  suspend  two  figures  in  water ^  in  such  a  manner 
that,  on  pouring  iri  more  xcatery  the  one  shall  rise 
tip  and  the  other  sink  down. 

For  this  purpose,  provide  salt  water,  and  sus- 
pend in  it  a  small  figure,  or  small  glass  bottle,  of 
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such  a  weight,  thtt  if  the  water  contained  a  little 
less  salty  it  would  fall  to  the  bottom^  Dispose, 
in  the  same  manner,  another  small  iigure  or  bot« 
tie,  open  at  the  lower  part  ;  so  that  in  the  same 
water  it  shall  I^eep  at  the  bottom,  by  the  me- 
chanism described  in  the  35th  problem. . 

When  every  thing  is  thus  arranged,  if  fresh 
water,  pretty  warm,  be  poured  into  the  salt 
water»  which  contains  tjie  figures,  the  first  one 
will  sink  to  the  bottom,  in  consequence  of  a 
cause  which  may  be  easily  conceived  ;  and  at  the 
same  time  the  other  will  rise  to  the  surface:  for 
the  air  in  the  second  figure  being  dilated  by  the 
heat  of  the  water,  will  expel»  either  in  whole  or 
in  part,  the  drop  of  water  which  formed  a  por- 
tion of  its  weight  :  the  figure*  having  thus 
becoiQe  lighter,  mus^t  consequently  rise.  These 
two  small  figures  therefore  will  change  places, 
merely  by  the  affusion  of  more  water  ;  but  the 
second,  when  the  water  cools,  will  re-descend, 

PROBLEM  XXXVIII. 

Of  Prince  Rupert's  Drops^or  Batavian  Tears, - 

This  appellation  is  given  to  a  sort  of  glass  drops, 
terminating  in  a  long  tail,  which  possess  a  very 
singular  property  ;  for  if  you  give  one  of  them  a 
pretty  smart  blow  on  the  belly,  it  opposes  a  con- 
siderable resistance  ;  but  if  the  smallest  bit  be 
broken  off  from  the  tail,  it  immediately  bursts 
into  a  thousand  pieces,  and  is  reduced  almost  to 
dust. 

These  drops  are  made  by  letting  glass,  in  a 
state  of  fusion,  fall  drop  by  drop  into  a  vesset 


filled  witli  water.  They.are  then  foimd. :at  thQ 
lK)tto0i  con^p^etely  forpied.  ^ .  A  great  luuçpber  of 
them  ^bwéyeç  gept^ir^Iv.^urst  in  the  :^4jt^r,  or 
Immediately  after  they,  have  jbeen  t^jken  jfrpm  it» 
As  these  drop^  were  first  made  ia  ^ti^nd,  they, 
are  called  by  the  French  Larmes  Batàtiques. 

.Various  experimei^ts  have  bçqn. jpn^e  with 
these  glass  drops,  to  discover  the  cause  of  their 
bursting  :  Tliese  exper^nents  are  as  follow. 

istt^  If  the  tail  of  one  of  these  drop  he  brol^ea  . 
under  the  receiver  of  an  air-pump,  by  a  process 
which  may  be,  easily  conceived,  it  bursts  iu  the 
same  manner  as  it  M'ould  do  in  the  open  air  ;  and 
if  the  experiment  be  performed  in  the  dark,  a 
flash  of  light  is  observed  at  the  moment  of 
rupture. 

2d,  If  the  body  of  one  of  these  drops  be  ground 
down  gently  on  a  cutler's  w^eel^  or  whet-stone,  it 
sometimes  pursts  ;  but  for  the  xuo^t^part  it  does 
not. 

,  3d.  If  a  notch  be  made  in  the  tail,  by  means  of 
;the  same  stone,  the  drop  will  burst 

4th.  The  tail  of  one  of  these  drops  iftay  be  how- 
ever cut  off  in  the  following  manner  :  Present  the 
place,  at  which  you  are  desirous  it  should  be  cut,  to 
an  enàineller*s  lamp  ;  by  these  means  it  will  be 
fused,  and  you  may  then  separate  the  one  part 
fromthe  other^  without  fear  of  its  bursting. 

5th.  If  one  of  these  drops  be  carefully  heated 
on  burning  coab,  and  if  it  be  then  suffered  to  cool 
slowly,  it  will  not  burst,  even  when  the  tail  of  it 
is  broken. 

Philosophers  have  always  been  much  embarrass- 
ed respecting  the  cause  of  this  extraordinary  ph^ 
nomenon  ;  and  it  must  indeed  be  confessed  that 
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it  is  stiU^meijr  obscure.  We  can  only  say,  that  it  is 
not  pradvced  by  air»  as  is  proved  by  the  first 
experiment  We  think  ourselves  authorised  to 
say  also;  fifom  the  fifth  experiment,  that  it 
dqpencb  ttn  the  same  cause  which  makes  all 
articles  of  gtass  break»  ^f  care  has  not  been 
taken  to  anneal  them,  that  is  to  say,  if  they 
are  not  subjected  to  a  long  heat  that  they  may 
cool  gradually,  before  they  are  exposed  to  the 
contact  of  the  air.  This  appears  to  result  from  the 
last  experiment  ;  but  it  does  not  seem  clear  in 
what  manner  it  is  effected.  It  arises,  in  all  pro- 
bability, tmm  the  eruption  of  some  âuid  in  the 
inside  of  the  drop^  wnich  rushes  through  the 
broken  part  of  die  tail.  It  is  perhaps  an  electri- 
cal phenomenon,  and  the  drop  may  burst  by  the 
same  mechanism  that  often  cracks  a  glass  jar, 
vhen  it  is  dischaiged  ;  that  is,  when  the  equili- 
brium is  restored  oetween  its  interior  and  exte- 
rior surface.  Having  explained  the  principal  phe- 
nomena of  these  drops,  we  shall  Jeave  the  rest  to 
the  sagacity  and  researches  of  our  readers. 

PROBLXH  XXJXIX* 

To  measure  the  quantity  of  rain  which  falls  in  the 

course  oj  a  year. 

One  of  the  meteorological  objects  which 
engage  the  attention  of  the  modem  philosos 
phers,  is,  to  observe  the  quantity  of  rain  that 
fiills  on  the  earth  in  the  course  of  a  year.  Tliis 
observation  may  be  easily  made  by  means  of  an 
instrument,  which  M.  Cotte,  in  his  treatise  on 
Meteorology,  calls  the  udometer^,  but  which,  in 

*  Vxomilof  water,  and  ^uzpov  a  moisure* 


^ 
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our  opinion,  *  "cmght  rather  to  Tbc   called   the 
Uometer\ 

This  instrument  consists  oif  a  box  of  tin  plate, 
or  lead  or  tin,  two  feet  square,  which  makes  four 
feet  of  surface.  Its  sides  are  six  inches  in  depth  at 
least,  and  the  bottom  is  a  little  inclined  towards 
one  of  the  angles,  where  there  is  a  small  pipe 
furnished  with  a  cock.  The  water  which  flows 
through  this  pipe,  falls  into  another  square 
vessel,  the  ditnensions  of  which  are  much  less, 
and  so  proportioned,  that  the  height  of  a  line  in 
the  large  vessel,  corresponds  to  three  inches  in 
the  smaller.  In  the  present  case,  therefore,  the 
base  of  this  vessel  ought  to  be  only  two  inches 
six  lines  square.  From  this  description  it  may 
be  easily  conceived,  that  very  small  portions  of 
a  line  of  water,  which  has  fallen  into  the  lar^e 
vessel,  may  be  measured  ;  since  a  line  of  height 
in  the  small  one,  will  correspond  to  the  tliirty- 
sixth  part  of  a  line  in  the  large  one. 

If  the  large  vessel  be  properly  placed,  with  the 
small  one  below  the  cock;  and  if  the  small  one 
be  covered  in  such  a  manner,  as  to  prevent  the 
air  from  having  access  to  the  surface  of  the  water 
it  contains  ;  it  will  not  be  necessary  to  examine 
the  quantity  of  water  which  has  fallett  after  each 
shower,  or  series  of  rain.  It  may  be  examined 
and  measured  every  three,  or  four  or  five  days. 
It  will  however  bs  better  to  do  it  after  each  fall 
of  rain. 

If  a  register  be  then  kept  of  the  quantity  of 
Witer  which  falls  every  time  that  it  rains,  these 

Quantities  added  together,  will  give  the  quantity 
hat  falls  in  the  course  of  the  whole  yeax^ 

•  From  u^  rain,  and  jiAftpov  a  measure. 
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It  has  been  found,  in  this  manner,  by  a  series 
of  observations,  made  at  Parisi  for  77  years^  that 
the  quantity  o^-rahi  vhicb  falls  tbere>  one  year 
with  another».  is^i6Jnches.  8  lines. 

fiut  this  quantity  of  water  ia  not  every  where 
the  same.  In* other  places  it  is  greater  or  less, 
according  as  they  are  situated  near  to  the  sea  or 
to  mountains.     The  following  is  a  table  of  the 

Erincipal  places,  where  observations  of  this  kind 
ave  been  made,  and  of  the  quantity  cS  water 
which  fails  there  anmially. 


Platifet. 

1 

Indu 

Lia*. 

Paris 

• 

- 

- 

16 

8 

Bayeux   - 

- 

- 

- 

ao 

0 

Beziers     - 

- 

- 

.,;     [. 

16 

3 

Aix  in  Provence 

- 

- 

18 

3 

Toulouse 

» 

- 

- 

>7 

Lyons     - 

• 

- 

- 

25 

0 

Lille 

- 

- 

- 

«3 

9 

London 

• 

- 

- 

18 

9 

The  Hague 

- 

- 

- 

26 

6 

Kome 

•» 

- 

- 

s8, 

0 

Padua 

- 

- 

- 

30 

0 

Petersburg!! 

- 

- 

- 

1 6 

I 

Berlin 

te 

- 

m 

19 

6 

REMARK. 

• 

We  think  it  necessary  here  to  offer  a  i-emark, 
which  seems  to  have  escaped  all  the  philosophers 
who  have  made  observations  on  the  quantity  of 
rain  that  falls-.  Every  time  it  again  rains,  a  small 
quantity  of  water  is  lost;  namely  that  which  has 
served  to  moisten  the  bottom  of  the  reservoir  ; 
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for  the  water  does  not  begin  to  hin  down  till  the 
bottom  is  moistened  to  a  certain  degree,  and 
covered  as  we  may  say  to  a  certàtA  thickness  with 
watei;,  the  quantity  of  whtch  ntust  be  determined 
and  taken  into  thé  account'  after  every  fall  of 
rain.     This  quantity  of  water  niay  be  measured 
by  the  following  process*  '  Take  a  small  sponge; 
moistened  in  such  a  manner  that  no  water  can 
be  squeezed  from  it,  even  when  pressed  very  hard; 
then  fill  the  vessel,  and  having  suitered  the  water 
to  run  from  it,   collect  with  the  sponge  wh^t 
remains  on  the  bottom,  and  squeeze  it  into  4 
vessel,  the  base  of  which  is  an  inch  square,  and 
already  moistened  with  svikter.    It  is  evident,  that 
if  a  vessel,  the  base  of  which  contains  4  square 
feet,  gives  in  this  manner  water  sufficient  to  rise 
to  the  height  of  an  inch  in  the  small  vessel,  there 
is  reason  to  conclude  that  the  pellicle  of  water 
which  adhered  to  tlie  metal  was  at  least  -ri^of  an 
inch,  or  the  48th  part  of  a  line  in  thickness.     At 
any  rate,  it  may  be  safely  estimated  ô't  the  30th 
or  36th  of  a  line.     If  it  has  rained,   therefore, 
two  or  three  hundred  times  in  the  course  of  the 
year,  8  lines  must  be  added  to  the  quantity  found. 

PKOBL£M    XL. 

I 

Of  the  origin  of  fountains.  Calculation  of  the 
quantity  of  rain  water  sufficient  to  produce  and 
to  nmintain  them. 

It  would  appear  that  the  origin  o\^  fountain^ 
and  sprinjifs  ought  not  to  have  occasioned  such  a 
diversity  of  opinions,  as  has,  forsom.^  time,  pre- 
vailed among  philosophers.     An  attentive  const* 
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derajkioQ.  of  these  phenomena,  is  sufficient  to 
shew  tliat  the  origin  of  them  is  entirely  owing  to 
the  raips  which  continually  moisten  the  surface 
cf  the  globe,  and  which  running  over  beds  of 
earth,  capable  of  preventing  them  from  pene* 
trating  deeper,  at  length  force  a  passage  to  places 
which  are  lower.  Every  person  indeed  must  have 
observed,  that  the  greater  part  of  spriugs  decrease 
lid  a  considerable  degree,  when  a  long  drought 
has  prevailed  ;  that  some  of  them  {^)stolutely  dry 
up  when  this  droug^jt  continues  too  long;  that 
when  the  surface  of  the  earth  has  been  moistened 
with  snow  or  rain,  they  are  renewed,  and  that 
they  increase  almost  in  the  same  progression  as 
the  waters  become  more  abundant. 

Some  philosophers  however  have  ascribed  the 
origin  of  fountains,  to  a  sublimation  of  the  waters 
of  the  sea,  which,  flowing  into  the  bowels  of  the 
earth,  ri9e  up  in  vapour,  in  the  fissures  of  the 
rocks  ;  and  thence  trickle  down  into  cavities  and 
reservoirs  prepared  by  nature  ;  from  which  they 
make  their  way  to  the  surface.  Some  have  even 
gone  so  far  as  to  imagine  a  s^ort  of  subterranean 
alembics. 

But  these  conjectures  are  entirely  void  of 
foundation^  If  the  water  of  the  sea  produced 
fountains  in  this  manner,  it  would  long  ago  have 
choaked  up,  with  its  salt,  the  subterranean  con* 
duits  through  which  it  is  supposed  to  pass.  Be« 
sides,  the  connection  which  is  observed  between 
the  abundance  of  rain,  and  that  of  the  water  of 
the  greater  part  of  fountains,  would  not  subsist  ; 
as  the  internal  distillation  would  take  place  whtK 
thef  it  rained  or  not  It  is  to  be  observed  also, 
tliat  the  water  of  springs  always  distils  from  abwc 
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bedâ  of  clay^  und  not  frolii  belaw  thtm  ;  but  ai 
these  beds  intercept  ^hc  pMage  of  >  vapours  and 
water^  the  latter  must  necesswrily  come  front 
above  them.  A  sure  method  of  destroying,  a 
spring;  is  to  pierce  this  bed;  but  if  the  water 
came  from  below,  a  contrary  effect  ^ould  he 
produced*  ^ 

What  induced  philosophers  to  have  recouiM 
to  a  cause  so  remote,  and  so  false,  no  doubt  was; 
their  imagining  that  rain  water  was  not  sufficient 
to  feed  all  the  springy  and  rivers.  But  they  were 
certainly  in  an  error  ;  for  instead  of  rain  water 
being  too  small  in  quantity  to  answer  that  purr 
pose,  it  seems  rather  difficult  to  conceive  in  what 
manner  it  is  expended.  This  will  be  proved  by , 
the  following  calculation  of  Mariotte. 

This  author  observes  that,  according  to  expe- 
riments which  have  been  made,  there  falls  an* 
nually  on  the  surface  of  the  earth  about  19  inches 
of  water.  But  to  render  his  calculation  still  more 
convincing,  he  supposes  only  15,  which  makes 
per  square  toise  45  cubic  feet,  and  per  square 
league  of  3300  toises  in  each  direction^  23&050000 
cubic  feet. 

But  the  rivers  and  springs  which  feed  the 
Seine,  before  it  arrives  at  the  Pont-Royal,  at 
Paris,  comprehend  an  extent  of  territory,  about 
€0  leagues  in  length  and  50  in  breadth,  which 
makes  3000  leagues  of  superficial  content  ;  by 
which  if  938050000  be  multiplied,  we  shall  have 
for  product  7 141 50000000,  for  the  cubic  feet  of 
wat^r,  which  falls,  at  the  lowest  estimation,  on 
the  above  extent  of  territory. 

Let  US  now  examine  the  quantity  of  water 
linnually  furnished  by  the  Seme.  ^  This  river. 
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above  the  Pont-Royal^  iwhen  at  its  mean  height^ 
h 400  feet  in  breaiMiy*  and  5*  in  depth.  The 
velocity  of  the  water,  whe»ithe  •  river  is  in  this 
state,  may  be  estimated  aTi  lœ  feet  per  minute, 
taking  a  meali  between  the  t^locity  at  ^the  sur* 
fàce  and'  that  at  the  bottom;  U  the  product  of 
400  feet  in  breadth,  by  c  in  depths  :  or  dooo 
•quareieet»  be  multipliei  bv  100  feet,  we  sliall 
have  looooo' cubic  fe^*ibr  the  quantity,  of  water 
which  passes  in  a  minute  through  that  section  of 
the  Seine,  above  the  Pont'Royal.  The  quantity 
then  in  an  hour,  will  be  1 2000000  ;  in  04  hours 
aSSoooooo,  and  in  a  year  105120000000  cubic 
feet.  But  this  is  not  the  seventh  part  of  the 
water  which,  as  above  seen,  fails  ou  the  extent 
of  country  that  supplies  the  Seine. 

But  how  shall  we  dispose  of  the  remainder  of 
this  water?  The  answer  is  easy:  the  rivers, 
rivulets,  and  ponds,  lose  a  considerable  quantity 
of  water  by  evaporation  ;  and  a  prodigious  quaui- 
tlty  b  employed  for  the  nutrition  of  plants. 

Mariotte  makes  a  calculation  also  of  the 
water  ^which  ought  to  be  furnished  naturally 
by  a  spring  that  issues  a  little  below  the  summit 
of  Montmartre,  and  which  is  fed  by  an  extent 
of  ground  300  toises  in  length  and  loo  in 
breadth  ;  making  a  surface  of  30000  square 
toises.  At  the  rate  of  18  inches  for  the  annual 
quantity  of  rain,  the  quantity  which  falls  on  that 
extent  will  amount  to  1620000  cubic  feet.  But 
a  considerable  part  of  this  water,  periiaps  three 
fourths,  immediately  runs  off:  so  that  no  more 
than  40500c  forces  its  way  through  the  earth 
and  sandy  soil,  till  it  meets  with  a  bed  of  clay 
at  the  depth  of  two  or  three  feet,  from  which  it 
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flows  to  the  mouth  of  the  fountain,  and  feeds 
it.  If  405000  therefore  be  divided  by  365,  the 
quotient  wiH  be  11 00  cubic  feet  of  water,  which 
it  ought  to  furnish  daily,  or  about  38500  French 
pints;  which  makes  about  1600  pints  per  hour, 
or  2j  pints  per  minute.  Such  is  nearly  the  pro- 
duce of  this  spring. 

An  objection^  founded  on  an  experiment  of 
M.  de  la  Hire,  described  in  the  Memoirs  of  the 
Academy  of  Sciences,  for  the  year  1703,  is  com- 
mon.ly  made  to  this  idea  respecting  the  origin  of 
springs.  This  philosopher  having  causfrd  a  pit 
to  be  dug  in  a  field,  to  the  d€j)th  of  2  feet^ 
found  no  traces  of  moisture;  from  which  some 
conclude  that  the  rain  M'atcr  flows  only  over  the 
surface,  and  does  not  in  any  manner  contribute 
to  the  origin  of  springs. 

But  this  experiment  is  of  no  weight,  as  it  is 
contradicted  by  a  thousand  contrary  instances* 
Every  one  knows  that  water>  in  various  places^ 
oozes  from  the  roofs  of  caverns  and  subterrançan 
passages  :  it  is  this  water  which,  after  ppnetrat* 
ing  the  earth,  and  flowing  between  the  joints  of 
stones,  produces  stalactites,  and  other  stony  con- 
cretions. It  is  therefore  false  that  rain  water 
never. penetrates  beyond  the  depth  of  a  few  feet. 
The  fact,  observed  by  M.  de  la  Hire,  was  a 
particular  case,  from  which  it  was  wrong  to  de* 
duce  a  general  consequence. 

It  is  objected  also,  that  water  is  sometimes 
collected  at  heights  at  which  it  is  impossible  that 
rain  water  could  give  birth  to  a  spring.  To  this 
it  may  be  replied,  that  if  the  ground,  where  these 
collections  of  water  exist,  be  examined,  it  will 
•Iways  be  found  that  they  are  produced  by  rain 
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or  melted  snow;  that  these  places  on  the  sum- 
mits of  mountains  are  only  a  kind  of  funnels, 
which  collect  the  waters  of  some  neighbouring 
plain^  conthuially  -maintained  by  the  rain  or  the 
snow,  assisted  by  the  small  evaporation  which 
takes  place,  in  consequence  of  the  rarity  of  the 
air.  It  is  therefore  evident  to  every  rational 
mind,  that  the  origin  of  springs  and  fountains 
can  be  ascribed  to  no  other  cause,  than  the  rain 
water  and  snow  which  have  been  collected. 

PROBLEM  XLI. 

The  irate?'  or  Mercurial  Mallet. 

TtiE  water  mallet,  as  it  is  called,  is  nothing 
else  than  a  long  glass  flask  containing  water, 
which  when  shaken  in  the  flask,  strikes  it  with 
a  noise  almost  like  that  occasioned  by  a  small 
blow  with  a  mallet. 

Xhe  cause  of  this  phenomenon  is  the  absence 
of  the  ^ir,  for  as  that  fluid  no  longer  divides 
the  water  in  its  fall,  it  proceeds  to  the  bottom 
of  the  flask  like  a  solid  body,  and  produces  the 
sound  above  mentioned. 

To  construct  the  water  mallet,  provide  a  long 
glass  flask,  pretty  strong,  and  terminating  in  a 
neck  that  can  be  henneticallv  sealed  ;  All  one 
fourth  or  one  fifth  of  it  with  water;  exhaust  the 
air  from  it  by  means  of  an  air-pump,  and  then 
close  the  mouth  of  the  flask  hermetically.  When 
the  flask  is  taken  out,  if  you  fuse  the  neck  of  it 
gently  at  an  enameller's  lamp,  in  order  to  shut 
it  more  securelv,  the  instrument  will  be  com* 
pleted. 
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If  mercury  be  inclosed  in  the  flasks  instead 
bf  water,  it  will  make  a  much  greater  noise  or 
smarter  blow,  and  you  will  even  be  astonished 
that  it  does  not  break  the  flask.  If  the  mer- 
cury be  well  purified,  it  will  be  luminous  ;  so 
that  when  made  to  run  from  the  one -end  to 
the  other,  a  beautiful  stream  of  light  will  be  seen 
in  the  dark. 

REMARK. 

In  our  opinion,  this  property  of  mercury  may 
be  employed  to  construct  what  might  be  called 
a  philosophical  lantern.  For  this  purpose,  it , 
would  be  necessary  to  dispose  in  a  sort  of  drum 
a  great  number  of  small  flasks,  like  the  pre- 
ceding, or  spiral  tubes,  in  which  purified  mer- 
cury should  be  kept  in  continual  movement; 
which  might  be  easily  done  if  the  drum  were 
made  to  revolve  by  means  bf  machinery;  the 
result  would  be  a  continued  light,  which  would 
have  no  need  of  alinpent,  or  of  being  fed  Who 
knows,  whether  this  idea  may  not  enable  us,  at 
some  future  period,  to  dispense  with  the  candles 
and  lamps  which  we  now  employ  to  light  our 
apartments  ?  We  are  however  afraid,  that  what- 
ever be  the  number  of  flasks  ari'anged  in  this 
manner,  they  will  still  afibrd  too  weak  a  light  to 
supply  the  want  of  a  single  taper.  But,  perhaps, 
there  are  other  useful  purposes  to  which  this  in- 
vention may  be  applied. 
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PROBLEM  XLir. 

7b  jjiake  a  Luminous  Shozccr  with  Mercury, 

Place  on  the  top  of  the  air-pump  a  small  cir- 
cular plate,  pierced  with  holes,'  and  supporting 
a  small  cylindric  receiver,  terminating  in  a  he- 
misphere, and  cover  the  whole  with  a  larger 
receiver,  having  a  hole  in  its  summit,  capable 
of  admitting  a  glass  funnel  filled  with  mercury. 
This  funnel  must  be  so  arranged,  that  it  can  l)e 
sliiit  with  a  stopper,  so  as  to  be  opened  when 
necessary.  Then  exhaust  the  air,  or  nearly  so, 
from  the  receiver,  and  open  the  funnel  which 
contains  the  mercury  :  the  mercury,  in  conse- 
quence of  its  weight,  and  of  the  pressure  of  the 
atmosphere,  will  run  down,  and,  falling  on  the 
convex  summit  of  the  interior  receiver,  will  be 
thrown  up  in  small  luminous  drops,  so  as  to  re- 
bcniblc  a  shower  of  lire. 

'I'his  experiment  may  be  performed  also  in  tlîc 
following  manner:  provide  a  piece  of  prettv 
compact  wood,  and  cut  in  it  a  small  reservoir  in 
the  shape  of  a  hemisphere,  or  of  an  inverted 
cone  :  apply  it  to  the  upper  aperture  of  a  re- 
ceiver, and  fill  it  with  mercury.  If  you  then 
exhaust  the  receiver,  the  pressure  of  the  external 
air  will  force  the  mercury  through  the  pores  of 
the  M'ood,  so  that  it  will  fall  down  ifi  small  lu- 
niinous  drops.  *'■    - 
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PROBtEM    XLIir.    .     "  • 

irhàt  i^  the  reason  that  in  mines,  which  have  sp}^ 
racks,  -or  air-^ioies,  on  the  declivity  of  a' mou  no- 
tably .  at  various  heights^  a  current  of  air  is 
est^blinhed^  zchich  mzvinter  has  a  direction  differ- 
ent fvovi  xthat  it  has  in  summer  ?  JExptanation 
of  a  similar  phenomenm^  obseixed  daily  in  chim- 
7ieys. — Use  to  which  a  chimney  may  be  applied 
.  in  summer. 

...  .  -  *  •  «  t  ■ 

It  is  customary,  in  order  to  introduce  air  into 
a  mine,  at  certain  distances  to  sink  perpendicular 
wells,  which  terminate  at  the  horizoiital  or  some- 
what inclmed  gallery,  where  the  ore  is  dug  up  ; 
and,  in  general,  the  mouths  of  tliese  wells  ale 
at  different  heights,  in  consequence  of  the  in- 
clination of  the  side  of  the  mountain.  But,  in 
this  case,  a  very  singular  phenomenon  is  observed: 
during  the  winter  the  air  rushes  into  the  miné 
through  the  mouth  of  the  loM'est  mcII,  and  issues 
by  that  of  the  highest  ;  the  contrary  is  the  case 
in  summer. 

To  explain  this  phenomenon,  it  must  be  ob- 
sei'ved,  that  in  the  mine,  the  temperature  of  the 
air  is  constantly  the  same,  while  without,  it  is 
alternately  colder  and  hotter  ;  that  is,  colder  in 
winter,  and  warmer  in  summer.  It  is  to  be  re- 
marked, on  the  other  hand,  that  the  well  which 
has  the  mouth  highest,  the  gallery,  and  the 
other  well,  form  all  together  a  bent  syphon  with 
unequal  branches:  the  effect  produced  is  as 
follows  : 

When  the  exterior  air  is  colder  than  that  im 
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the  mine,  the  column  of  air  which  presses  on 
the  lower  orifice  D,  pi.  4,  fig.  21,  exerts  a 
greater  pressure  on  the  whole  air  containeil  in 
the  syphon  DCBA,  than  that  M'hich  presses  on 
the  upper  orifice  A  ;  this  air  then  must  be  ex* 

Sel  led  by  circulating  in  the  direction  DCBA. 
lut  the  cold  air  which  enters  by  D;  being  im- 
mediately heated  to  the  same  degree  as  that  in 
the  mine,  is  impelled,  like  the  former,  by  the 
column  M'hich  rests  on  the  orifice  D. 

The  contrary  takes  place  in  summer;  for  the 
exterior  air,  during  that  period,  is  warmer  than 
the  air  in.  the  mine.  The  latter  »then  being 
heavier,  that  contained  in  the  branch  AB  of  the 
syphon,  preponderates  over  the  air  in  BC  ;  so 
tliat  the  difference  between  the  columns,  which 
press  upon  A. and  D,  is  not  able  to  produce  a 
counterpoise.  The  air  contained  in  tne  J^yphon 
ABCD  then  must  récrive  an  impulse  in  that  di- 
rection ;  and  consequently  must  move  in  a  di- 
rection contrary  to  the  former.  Such  is  the  ex- 
planation of  this  phenomenon. 

A  similar  one  is  obsei-Acd  daily  in  chimneys; 
and  it  is  the  more  sensible,  as  the  flues  of  the 
chimneys  arc  higher;  fora  chimney,  with  the 
chamber  where  it  terminates,  and  the  door  or  a 
window,  form  a  sTphon,  similar  to  the  preced- 
ins:-  Besides,  tire  exterior  air  from  nine  in  the 
morning:  till  eight  or  nine  at  night,  in  summer, 
is  warn)<:r  tlian  tiic  interior,  and  vice  versa.  In 
the  moniing  then,  the  air  must  descend  the 
chinuiey,  and  issue  through  the  door  or  the 
window.;  on  the  other  hand,  as  the  exterior  air 
is  eokler  in  the  night  than  in  the  day,  it  must, 
during  the  forna^r,  enier  at  the  door  or  window. 
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and  ascend  the  chimney.  About  eight  or  nine 
in  ihe  morning;  and  at  eight  or  nine  in  the  even* 
ing,  the  air  is,  as  it  were,  stationary  :  an  effect 
which  must  necessarily  take  place  at  the  time 
of  the  passage  from  one  direction  to  another. 

Dr.  Franklin,  who  seems  to  have  first  observed 
this  phenomenon,  says  that  it  might  be  applied 
to  some  economical  uses  during  summer  ;  and  in 
that  case  the  proverb,  as  uadess  as  a  chimney  in 
summer,  would  not  be  correct.  One  of  these 
uses  is,  that  the  chinmey  might  be  employed  as 
a  safe  ;  for  if  each  of  its  mouths  were  closed  by 
a  piece  of  canvas,,  stretched  on  a  frame,  the  al- 
ternate and  almost  continual  current  of  air  which 
would  be  established  in  it,  could  not^  fail  to 
preserve  meat  from  corruption. 

This  current  might  perhaps  be  employed  also 
for  some  work  that  requires  not  so  much  a  force, 
as  a  continuance  of  it.  For  this  purpose,  it 
would  be  necessary  to  fix  in  the  flue  of  the  chim-. 
ney  a  vertical  axis  with  a  helix,  like  the  fly  of  a 
smoke-jack  ;  the  current  of  air  would  keep  it  in 
continual  motion,  sometimes  in  one  direction, 
sometimes  in  the  other;  and  in  all  probability 
with  suflScient  force  to  raise  a  snialV quantity  of 
water  per  hour.  And,  as  it  would  remain  in- 
active only  three  oj  four  hours  a  day,  it  cotild 
not  fail  to  produce  a  considerable  effect  daily. 
Besides,  the  moving  power  would  cost  nothing. 
It  would  however  be  necessary  to  have  the  wheels 
adjusted  in  such  amianner,  that  to  whatever  side 
the  axis,  furnished  with  the  helix,  turned,  the 
machine  should  always  move  in  the  same  di- 
rection ;  which  is  not  only  possible,  but  was  exe- 
c  utcd  by  M.  Loriot  at  Paris. 
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REMARK. 

Thé  same  effect  is  easily  experienced  on  a  small 
scale,  in  a  close  room  or  chamber,  M'hich  is  very 
warm  with  several  persons  and  candles  in  it, 
especially  if  there  is  no  fire  or  no  fire-place.  For, 
by, unlatching  the  door,  and  setting  it  a  very 
little  open,  as  an  inch  or  half  an  inch,  it  will 
then  be  found  that  the  air  rushes  strongly  in  near 
the  bottom,  but  sets  as  strongly  out  near  the 
top,  and  is  quiescent  near  the  middle  parts. 
This  is  very  easily  tried  by  holding  a  candle  in 
your  hand,  first  near  the  bottom  of  the  small 
opening,  M'here  the  flame  is  violently  blown  in- 
wards ;  then  at  the  top,  where  it  is  carried 
strongly  outwards;  but  held  near  the  middle, 
the  flame  of  the  candle  is  quite  still. 

X 

PROBLEM    XLIV. 

To  measure  the  height  of  moujita'ms  by  the  baro- 
meter. 

It  is  very  diflicult,  and  even  sometimes  im- 
practicable,  to  measure  the  height  of  moun- 
tains by  geometrical  operations.  A  traveller, 
for  example,  who  traverses  a  chain  of  moun- 
tains, and  who  is  desirous  of  ascertaining  the 
altitude  of  the  principal  points  he  has  ascended, 
cannot  have  recourse  to  that  method.  The  baro- 
meter however  supplies  a  convenient  and  pretty 
exact  one,  provided  it  be  employed  M'ith  the 
necessary  attention. 

The  principle  on  which  this  method  is  founded 
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vill  be  readily  conceived,  when  it  is  recollected 
that  if  a  barometer  be  carried  to  the  top  of  a  moun- 
tain, the  quicksilver  stands  at  a  less  height  than 
at  the  bottom,   ist.  i3ecause  it  has  a  less  column- 
of  air  above  it.     2d.   Because  this  ait  has  less 
density,  as  it  is  freed  from  the  weight  of  a  part 
of  tlic  air  which  it  supported  at  the  bottom  of 
the  mountain.     Such  is  the  foundation  of  tlie 
rules  which  have  been  invented  for  applying  the 
height  at  which  the  mercury  in  the  barometer 
stands  to  the  purpose  of  measuring  the  height  of 
mountains,     lîut  to  give  a  very  exact  rule  in  re- 
gard to  this  operation,  is  attended  with  no  small 
difficulty  ;  for  the  height  of  the  mercury  in  the  ba- 
rometer depends  on  a  complication  of  so  many 
physical  causes,  that  it  is  exceedingly  troublesome 
to  reconcile  them,  and  to  subject  mem  to  calcula- 
tion. M.  de  Lucof  Geneva,  whohas  considered  t!his 
subject  with  the  greatest  care,  by  combining  all 
these  causes  and  circumstances,  seems  to  have 
discovered  a  method  which,  if  not  absolutely 
perfect,  is  certainly  more  correct  than  any  before 
given. 

To  proceed  with  exactness  in  this  operation,  it 
is  necessary  to  have  a  good  portable  barometer, 
well  freed  from  air;  and  a •  good  thermometer, 
which  we  shall  suppose  to  be  that  of  Reaumur, 
though  M.  de  Luc,  to  facilitate  the  calculation, 
proposes  a  particular  kind  of  division.  If  great 
correctness  be  required,  it  will  be  necessary  also 
that  an  observer  should  examine  the  progress  of 
the  barometer  at  the  bottom  of  the  mountain,  or 
in  one  of  the  nearest  towns,  the  height  of  which 
above  the  level  of  the  sea  is  known. 
When  you  have  reached  the  summit  of  the 


152  MEASUREIitJCNT'or  MOUNTAINS 

mountain»  or  the  place  the  altitude  of  which- 
you  are  desirous  of  ascertaining,  hold  the  baro^ 
met^r  in  a  direction  perfectly  vertical,  and  exa- 
mine the  height  of  the  mercury  ;  suspend  also 
the  .thermometer  in  some  insulated  place  in  tlie 
neighbourhood,  and  observe  the  degree  to  which 
the  mercury  rises. 

Having  then  compared  the  height  of  tlie  baro- 
meter observed  on  the  mountain,  with  that  of 
the  corresponding  barometer,  observed  at  the 
same  time  at  the  bottom,  take  the  logarithms  of 
these  two  heights,  expressed  in  lines,  and  cut  off 
from  them  the  four  last  figures  :  the  remainder 
will  be  the  difference  of  the  heights  expressed  in 
French  toists. 

But  this  altitude  requires  a  correction  ;  for  it 
is  only  exact  when  the  simultaneous  temperature 
of  the  two  places  is  i6|,  according  to  the  scale 
of  Reaumur's  thermometer.  For  each  degree  theii 
that  the  thermometer  has  remained  below  164, 
at  the  upper  station,  one  toise  miwt  be  added  for 
every  215,  and  the  same  must  he  deducted  for 
every  degree  above  that  temperature. 

The  same  correction*,  but  in  the  contra^ry 
sense,  must  be  made  by  means  of  the  thermo- 
meter left  at  the  fixed  station  ;  that  is  to  say,  for 
each  degree  it  remained  above  i6l,  one  toise  in 
215  must  be  deducted,  and  vice  versa.  The 
height,  when  twice  corrected  in  this  manner, 
will  be  the  difference  nearly  between  the  height 
of  the  two  places  above  the  surface  of  the  sea, 
or  the  height  of  the  one  above  the  other. 

*  This  second  correction,  though  not  mentioned  by  M, 
de  Luc,  appears  to  us  necessary,  for  several  reasons, 
which  it  would  be  too  tedious  to  explain  here. 
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L,et  us  suppose,  for  example,  that  at  the  lower 
station  the  barometer  stood  at  the  height  of 
ay  inches  2  lines,  or  326  lines;  and  that  at  the 
upper  station  it  fell  to  23  inches  5  lines,  or  a8i 
lines. 

The  logarithm  of  326  is  2'$i2%iy6,  and  that 
of  281  is  2 '4487063;  their  difference  is  o-o645ii 3; 
from  which  if  the  three  last  figures  be  cut  off,  to 
answer  for  division  by  1000,  the  remainder  will 
be  645  tpises. 

We  shall  suppose  also,  that  at  the  top  of  the 
mountain  Reaumur  s  thermometer  stood  at  6  de- 
grees above  freezing,  and  in  the  lower  station  at 
12;  that  is  for  the  former  loj  below  i6|.,  conse- 
quently io|.  toises  are  to  be  added  to  the  above 
number  for  every  215  ;  and  hence,  by  the  rule 
of  three,  the  number  to  be  added  will  be  found 
to  be  32  toises. 

.  It  will  be  found,  by  the  converse  correction, 
that  the  height  to  h^  deducted  is  20;  conse- 
quently ihcfc-  M'ill  remain  i2  toises  to  be  added,- 
and  therefdre  the  height  twice  corrected  will  be 

Mr.  Needham,  on  mount  Tourné,  one  of  the 
Alps,  observed  the  height  of  the  barometer  to  be 
18  inches  9  lines,  or  225  lines.  Now  if  wc  sup- 
pose that  it  was  observed  at  the  same  moment  at 
the  level  of  the  sea  to  stand  exactly  at  28  inches 
or  336  lines,  which  is  its  mean  height  on  the 
borders  of  the  sea,  the  difference  between  the 
logarithm  of  336  and  that  of  225,  cutting  off 
the  last  three  figures,  will  be  found  to  be  1742. 
It  may  therefore  be  concluded,  that  the  height 
of  niount  Tourné  is  1.742  toises.  But  as  in  this 
case  we  have  no  corresponding  observation  at 
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the  level  of  the  sea,  nor  any  observation  of  *hc 
tbermotfieter  made  at  the  same  time,  we  have 
employed  this  observation  of  Needham  only  as 
an  example  of  calculation.  It  is  however  pro- 
bable that  the  height  of  mount  Tourné  is  between 
1700  and  186.0  toises. 

REMARKS. 

As  a  portable  barometer  is  an  instrument  dif- 
iicult  to  be  procured  and  preserved,  it  is  almost 
necessarv  that  a  travdlcFr  when  he  is  desirous  of 
niakiAg  observations,  should  construct  a  baro- 
meter for  himself;  but  in  this  case,- as  the  mer- 
cury will  not  be  freed  from  air,  it  will  always 
stand  a-  few  lines  loAver  thao  a  barometer  which 
has  be^n  constructed  with  every  poss}ble  care- 
This  difference  may  amount  to  two  or  Ihree 
lines.  .      . 

In  regard  to  Reaumur's  thermometer,  it  is 
easily  carried  ;  but  in  what  manner  must  a  tra- 
veller proceed  to  have  corresponding  obser- 
vations, cither  on  the  borders  of  the  sea,  or  in 
;my  other  determinate  place,  which  are  necessary 
before  he  can  emj^loy  his  own  with  sufficient 
'  exactness  ?  This  difficulty,  in  our  opinion,  seen)s 
to  limit,  in  a  considerable  degree,  this  method 
of  determining  the  height  of  mountains. 

Jjesides,  it  appears  that,  even  if  a  traveller 
had  on  the  borders  of  the  sea,  or  in  any  village 
situated  for  example  in  the  centre  of  Trance,  the 
height  of  which  above  the  sea  is  known,  a  dili- 
gent observer,  he  would  not  be  much  farther 
advanced,  for  the  temperature  of  the  atmo- 
r.phcrc  may  be  different  on  the  borders  of  the  sea 
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at  Genoa,  that  is  to  say,  it  may  rain,  for  example, 
while  the  weather  is  fiae  and  serene  on  tlie  Alps 
or  the  Appenines  ;  or  the  contrary  may  be  the 
case;  and  hence  there  is  a  new  difficulty. to 
be  surmounted. 

This  difficulty  however  might  be  obviated  in 
part,  by  knowing  the  greatest,  the  mean,  and 
the  least  elevation,  of  the  barometer  on  the  bor- 
ders of  the  nearest  sea,  and  thence  determining, 
by  meteorological  conjectures,  the  nature  o£  the 
temperature  on  the  mountain  to  be  measured, 
though  one  only  passed  over  it  :  Thus,  if  an  hy- 
grometer on  the  mountain  indicated,  for  example, 
great  moisture,  there  would  be  reason  to  con- 
clude that  the  weather  was  inclined  to  rain,  and 
tht^t  the  fixed  barometer  stood  at  its  least  height. 
On  the  other  hand,  if  the  air  was  very  dry,  it 
might  with  probability  be  concluded  that  the 
weather  was  serene,  and  that  the  fixed  barometer 
stood  at  its  greatest  height  ;  but  it  must  be  con- 
fessed that  this  is  not  sufficient^  to  give  a  satis- 
factory exactness. 

However,  a  great  many  b;irometrical  observa- 
tions.have  been  made  on  the  i:umniits  of  raoun- 
tains,  and  their  heights  have .  been  thenqe  de- 
duced. Several  of  them  have  also  been  measured 
:  geometrically,  and  therefore  we  flatter  ourselves 
that  the  following  table,  of  these  observations 
and  heights,  will  be  gratifying  to  many  of  our 
readers.  It  consists  of  four  columns;  the  first 
of  which  needs  no  explanation  ;  the  second  con-- 
tains  the  height  6f  the  barometer  as  observed  at 
the  different  places  enumerated  in  the  first» 
As  the  temperature  of  the  air  at  the  time  is 
not  mentioned,  we  shall  take  that  height  as  the 
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mean  height,  and  at  the  mean  degree  of  heat. 
The  third  column  contains  the  height  as  deduced 
from  observation,  according  to  the  method  of 
AI.  de  LuCi  In  the  fourth  column  we  have 
placed  the  geometrical  measurement,  when  known, 
and  sometimes  also  we  have  given  it  alone,  be- 
cause we  could  find  no  other. 

We  shall  not  repeat  here  what  has  been  ahead  v 
said  in  regard  to  the  immoderate  height  which 
the  ancients  ascribed  to  some  mountams.  The 
reader  will  <ind  it  in  the  preceding  volume,  page 
119.' 

Tabi/E  of  the  heights  of  diferent  places  of  the 
earthy  and  of  various  mountains^  above  the  leoel 
'  of  the  sea. 


Names  op  Placbs. 


France. 
Paris,    level  of  the  Seine   when    the 
water  is  at  a  mean  height  at  the 
Pont-Roya!  .•  .         . 

Paris,  level  of  the  site  of  the  observa- 
tory 
Versailles,  site  of  the  castle 
Orleans,  level  of  the  Loire 
Lyons,  level  of  tke  Rhone 
Clermont-Ferrand 

Mountains  of  Auvergne, 
The  Puy-de-Dome    . 
The  Costa    . 
The  Puy-de- Violent 
The  Cantal  . 
Mont  d'Or 

Pyrenees. 
Mont  St.  Barth  in  the  Pays  de  Foix 


Height 

of  the 

Barometer 


Inc.    Li 


from  the 


Barome- 
ter. 


me<isuro({ 

Geome- 

trically. 


Toises. 


27 


33 

22 
22 

21 


oh 


9è 
4 

5 
I 


158 

825 

840 

966 

103  I 

I2IZ 


Toises. 


181 


58 

S* 
84 


8st 

853 
984 

1040 
1 190  I 
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Names  of  Places. 


TheMoussct 
The  Cfloigou 
Bains  de  Barege 
Le  Pic  du  Mida 
Mount  Ventoux 

Szviss  Alps, 
The  Lake  of  Geneva 
Lake  of  Neuchatel   . 
The  Glacier  of  Buet  near  Geneva  . 
The  Mountain  of  La  Dole  near  ditto 
Mount  Blanc,  or  Maudit  in  Faucigny 
Fort  d'Aarboufg 

Mount  Pilate  in  the  Canton  of  Lu- 
cerne       .  .  .         . 
L'Antesendas,  in  the  Canton  of  Berne 
Mount- Gothard,  highest  point  * 

Appcnines. 
Mount  di  Sibllla 

di,Car]>egna- 

-— ?  di  Cattia      .  >    . 

di  Penhino  . 

PlEDMONTlNE  AlPS. 

Turin 

St.  Remi 

Mount  St.  Bernard,  at  the  convent 

Mount  Serene 

Cor-Mayeur  at  the  summit  of  the 

White  Alley 
Ville  des  Glacières    . 
Mine  de  Pesey  in  Savoy 
Mount  Tourné   , 


Height 

of  the 

Barometer. 


Height 
deduced 
.  kpnx  the 
Barome- 
ter. 


Inc. 

21 

20 

24 

21 


Li. 

8 
I 


Toises. 

1241 

14^6 

589 

148 1 


'9 
23 


6 

4 


27 

^3 

20 

10 

20 

7 

20 

9 

22 

64 

21 

10 

18 

9 

1560 

825 


123 

854 

1254 

1328 

1302 

942 

1080 

1742 


Height 
meuitf«d 
Geome- 
trically. 


Toises. 
1289 

HS4 

1036 

x83 

214 

84; 

2390 

237 

1450 
1460 
2420 

X150 
718 
868 
808 


•  This  mountain  seems  to  be  the  highest  in  Europe.  I  deduced  the  height 
of  it  from  the  apparent  height  meaiiured  by  M.  Micheli  from  fort  Aarbourg^ 
which  is  6200  toises.  But  a^  this  height  is  only  equal  to  two  decrees  above 
the  horizon,  I  corrected  it  by  deducting  the  lefracti^-n  :  as  M.  Micheli  did 
not  attend  to  this  point,  he  has  given  a  list  of  the  mountains  in  Svisserlaod 
with  their  heights  which  certainly  exceed  the  truth. 
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Names  of  Places. 


Height 

of  the 
Barunaeier. 


Sicily. 

Mount  -^tna  ♦ 

CakarieS. 

Peak  of  Tcneriffe 

Peru. 

The  valley  of  Quito,  at  Quito  the  ca- 
pital of  that  province         # 

pitchintcha,    extinguished    volcano, 
eastern  summit     . 

Antîsana,  extinguished  volcano 

El  Coraçon  .  .  .         . 

ninica  .  .  .         . 

Cotopaxî  volcano,  rekindled  in  1744 

Chimboraço,  extinguished  volcano 

Cargavtraço,  ditto     . 

Tongouragoa,  ditto 

El  Altai*,  ditto 

Sangaif  ditto 

Cota-Catché,  north  of  Quito 

Cayambc-Orcou,  under  the  equator 

Africa. 

Table  mountain 


Inc. 
18 

«7 
20 


Li, 


S 

II 
10 


Heigkt 
deduced 
from  the 
Baro- 
meter. 


Toises. 

1676 

1980 


Height 
measured 
Geome» 

trically. 


Toises. 


HS3 
2496 


24     10  I     521 


1470 

H34 
3020 

Hio 

2727 

2950 

3220 

2430 

2620 

a/.îo 
2680 
2570 
3030 

537 


•  T\n%  measur«mcnr  is  deduced  from  sîmulrancous  obiervations  of  the  ba- 
romHcr  made  at  Catjnea,  where  the  m.rcury  w%is»  at  27  in.  10  lin.  French, 
and  on  ALma.,  where  it  was  at  1$  in  i]  l-n.  Attention  was  paid  also,  ac- 
cording to  M.  de  Luc*s  rule,  to  the  difl'crcnt  tcmpcratuies  of  the  air,  which 
were  on  i^tna  i^  of  Reaumur's  thcrmumcicr,  and  at  Catanaa  19J. 


GENERAL  OBSKU VATIOK. 

We  shall  here  remark,  that  tlie  very  con- 
siderable difterences  often  found  in  the  above 
table,  between  the  barometric  and  geometrical 
measurement,  must  not  be  entirely  imputed  to 
the  method.      The  latter  is  certain;    but   the 
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observers  of  the  barometrical  heights  have  oftea 
employed  imperfect  instruments  :  in  general, 
they  have  had  no  corresponding  observations; 
and  they  have  scarcely  ever  taken  i«to  account 
the  difference  of  temperatui^  at  the  posts  of 
comparison:  these  differences,  which  %VithOut 
these  defects  in  the  observations  would  have 
certainly  been  less,  need  therefore  excite  nd 
astonishment. 

REMARK. 

In  the  above  table,  the  height  of  the  baro- 
meter is  given  in  Trench  inches  and  lines,  and 
the  corresponding  heights  of  the  mountains  in 
French  toises.  We  must  observe  also,  that  thé 
French,  in  general,  consider  28  Paris  inches  a^ 
the  mean  height  of  the  barometer,  ât  the  level 
of  the  sea  :  as  the  following  remarks  on  this 
subject  by  Mr.  Kirwan,  may  be  of  use  to  the 
reader,  we  here  subjoin  them.  "  Sir  George 
Schuckbùrg  has  shewn,  from  13I  observations, 
made  in  Italy  and  in  England,  that  the  mean 
height  of  the  barometer  at  the  level  of  the  sea, 
the  temperature  of  the  mercury  being  s^\  and 
of  the  air  62*,  is  30*04  inches*,  we  may  then 
assume  the  height  of  30  inches  as  the  natural 
mean  height  of  tlie  barometer  at  the  level  of  the 
sea,  in  most  temperatures  between  32^  and  Sa^j 
for  if  the  merrcuy  were  cooled  down  to  32^,  tjbat 
is  23*^  below  55^,  it  would  be  lowered  bv  thai 
condensation  only  0*07  of  an  inch^  and  if  it 
were  heated  up  to  80^,  that  is  25**  abçve  55^  ita 

♦  iPhiL  Transit  1777^  j^.  ii^. 
tot.  iV.  ar 
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would  be  raised  only  '078  of  an  inch  ;  quantities 
which,  except  in  levelling»  may  be  safely  dis- 
regarded. 

"  Tlie  French  haVe  heretofore  considered  28 
Paris  inches  as  the  mean  height  of  the  barometer 
at  the  level  of  the  sea,  that  is  29*84  English 
inches.  '  But  from  1400  observations,  made  at 
Rochelle  by  Fleurieu  de  Bellevue,  and  from  five 
jears*  observations  made  at  Port  Louis,  in  the 
isle  of  France,  he  concludes  the  mean  height  of 
the  barometer  at  the  level  of  the  sea  to  be  28 
inches  and  2  lines  and  44  of  a  linq^  in  the  tem- 
peratures of  from  52®  to.  55^  Fahrenheit,  or 
30-08  English  inches*.  Hence  we  may  con- 
sider, in  round  numbers;  30  inches  as  the 
standard  height  of  barometers  at  the  level  of  the 
aea.  And  knowing  the  true  height  of  any  part 
of  the  earth,  we  may,  by  subtractmg  that  height, 
expressed  in  fathoms,  from  the  log.  of  30,  viz. 
4771  •2i3,f  find  the  logarithm  which  indicates  the 
number  of  inches  at  which,  as  its  natural  mean, 
tlie  mercury  should  stand  at  that  height  above 
the  level  of  the  sea. 

**  Thus,  supposing  the  height  to  be  87  feet, 
equal  to  i4'5oo  fathoms;  then  477i"2i3  — 
i4'5oozz47567i3,  which  is  the  logarithm  of 
29  9;  this  therefore  is  the  natural  mean  height 
of  the  barometer  at  the  elevation  of  87  feet 
above  the  level  of  the  sea. 

'*  Conseijueutly,  to  all  heights  heretofore 
calculated  by  tire  French,  above  the  level  of 
the  sea,    i39'32   feet  must   be  added   English 

*  I.a  Chappe  thought  it  28  inches  1*5  lines.    See  Be^ 
guelin'5  Memoir.  Mem.  Berl.  1769.  12  Coll.  Acad.  404. 
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measure,  when  the  mercurial  height  at  the  level 
of  the  sea  was  barely  supposed  to  be  28  French 
inches.  "  On  the  Variation  of  the  Atmosphere^  by 
Richard  Kir  wan,  esq.  LL.D.  RR.S.  and  P.  R.I.  A, 
Dublin  1801. 


Additional  Table  of  the  height  of  Mountains 
from  Von  ^ach*s  Geographische  Ephemeriden. 

Toiset. 
Ophir  in  Sumatra  under  the  equator,  according  to  Mars- 
den  1384a  feet          ......  2307 

Aiguille  d* Argenture,  according  to  Saussure      •         -  2<>94 

Corne  du  Midi»  according  to  Dc  Luc        ...  iç^^ 

Peak  of  Teneriffe,  accordiug  to  Borda      -        -        -  1Ç04 

Maladetta  and  Mont  Perdu,  in  the  Pyrenees      -        -  1 763 

Vignemale,  in  ditto       .---.-  j  ^^a 

Mount  Tourne,  in  Savoy         ....         -  1683 

^tna,  according  to  Saussure           ....  1672 

Pic  Long,  in  the  Pyrenees       -----  j^ôS 

The  snmmit  of  Marbore,  in  ditto    -        -        .        .  X636 

Buet>  according  to  Saussure    -        -        -        -        -  ^579 

Monte  Rotondo,  in  Corsica    -         •        -        -        .  i  ^^p 

Mount  Libanon     .-•-.-•  1  joo 

Summit  of  Mount  St.  Gothard        -        -        -        -  1431 

The  Canigou,  in  the  Pyrenees,  according  to  Mechain  1427 

The  Budislaw,  in  Transylvania         -         -        -        -  1 148 

The  Monastery  of  the  Capuchins,  on  Mount  St.  Gothard  1 105  ' 

The  Surut,  in  Transylvania,  according  to  Lerchenfejd  10 7S 

Mount  d'Or,  in  Auvergne,  according  to  Cassini        -     .  1048 

SwiuAlpr,  height  above  the  Thmer  Ijoke,  according  to 
Professor  TraUes  of  Berne. 

Finsterahom         «        ^        ....        «  1908 

Jungfrau      ---.----  ^844 

Monch         •-        -        •        -        -        -        -  i€f3 

Eiger -        -        -  1747 

Wettcrhom          -        -        -        -        *        .        .  i6u 

Niesten        --.--.--  925 

Stockhorn    .-------  830 

fiUeborus,  in  Caucasus  ------  904 

Kschoes,  on  the  banks  of  the  river  Kur    -        •        -  895 

The  Schnukoppe,  in  the  Riesengcbirge    -        -        »  8ao 
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Puy  de  Dome,  accordine  to  CaMÎni          -        •  •  817 

Vesuvîu?^  according  to  oaiusnre     -        -        •  -  6ro 

The  Fichtclbcrg,  in  Franconia         •        .        -  .  (^ 

The  Feldberg»  in  Schwarzwald»  near  Freybonrg  -  ^63 

The  Brocken,  in  the  Harse     -----  ^5 

Rupberg,  in  Henoeberg          .        -         -        -  -  ^20 

The  Schneekopf  in  Thuringia           -         -         ^  -  503 

1  he  Inselsberg  in  the  principality  of  Gotha     '  •  -  47a 

Jiicle  to  conipufe  heights  hy  the  Baro  vietcrin 

English  measures. 

To  complete  the  foregoing  account  of  the 
ineasurement  of  altitudes  by  the  barometer,  I 
»haU  here  annex  the  method  of  performing  tliat 
<)pcration  in  Englrsh  measures,  either  feet  or 
fathoms,  as  "extracted  from  my  JPhilos.  Diet,  ar- 
ticle Barometer,  or  from  my  Course  of  Mathe- 
matics, vol.  2,  pa.  244  i  which  is  as  follows. 

1.  Observe  the  degree  or  height  of  the  baro- 
meter, botli  at  the  bottom  and  top  of  the  hill, 
or  other  place,  the  altitude  of  which  is  reauired, 
as  also  the  degree  of  the  thermometer,  for  the 
temperature  of  the  air,  in  both  th^  same  places, 

2.  Take  out,  from  a  table  of  logarithms,  the 
logs,  of  these  two  heights  of  the  barometer  in 
inches  and  parts,  and  subtract  the  less  log.  from 
the  greater.  If  ^rom  the  remainder  there  be 
cut  ofFthrcc  figures  on  the  right  hand,  where  the 
logs,  consist  of  seven  places,  the  other  figures 
on  the  left  hand  will  give  the  altitude  required 
in  fathoms,  of  6  feet  each. 

3.  The  above  result  requires  a  small  correc- 
tion, when  the  medium  temperature  of  the  air 
is  different  from  3 1  degrees  on  Fahrenheit's  ther- 
mometer, which  may  be  thu3  found,  when  much 


k 
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accuracy  is»  desired.  Add  the  two  observed 
heia:hts  of  the  thermometer  tosjether,  and  take 
half  that  sum  for  the  mean  temper  of  the  air. 
Take  the  différence  betM'een  this  mc^n  and  the 
number  or  temper  31  ;  then^  as  many  units  as 
this  difference  amounts  to^  take  so  many  times 
the  435th  part  of  the  fathoms  above  found  ;  to 
which  add  them  when  the  meaa  temperature 
exceeds  31,  but  subtract  them  when  it  is  less  ; 
an4  the  result  will  be  the  more  correct  altitude 
of  the  hill,  &c.  as  required* 

A  small  correction  tor  the  temperature  of  the 
barometer  is  sometimes  employed^  as  may  be 
seen  in  the  books  above  quoted  ;  but  it  is  so 
small  as  to  be  seldom  necessanr  to  be  observed. 

For  an  example,  suppose  at  the  foot  of  a  moun- 
tain, the  barometer  oe  observed  129 '68  inches^ 
and  the  thermometer  57  ;  at  the'sanie  time  at 
the  top  of  the  mountain  the  baronieter  was  25*28^ 
and  thermometer  42.  Then  the  calculation  will 
be  as  belo*^. 

2968  log.  47^4639  57       ^ 

8^-28  log.  40277711  4^ 

«  ■ 

(696  868  •    2)  99    . 

or  697  nearly,    ,'  .      49^  mean    , 

31  subtr. 

'-^—  I  ... 

the9^  as  435  :  i$4-  :  :  697  :  ag  the  çorrectioa. 

29  •    ■'  . 

726  fathoms  =:  4356^ /f. 
So  that  the  required  altitude  is  equal  to  725 
fatliom^j    or  4356  feet. 
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PROBLEM    XLV. 


To  make  an  Artificial  Fountain,  which  shall  imitate 

a  natural  springs 


t    »  ■  / 


Wis  here  suppose  that  those  who  intend  to  try 
this  expet*mient,  have  at  their  command  a  piece 
of  ground;,  somewhat  inclined,  the  bottom  of 
which  is  a  bed  of  clay,  not  far  distant  below  the 
surface  of  the  earth.  In  this  case,  a  spring  ab- 
solutely simikirto  a  natural  one,  and  capable  of 
answering  every  domestic  purpose,  may  be  con- 
structed by  the  following  process. 

Uncover  this  bed  of  clay  for  the  extent  of  an 
acte,  or  about  70  yards  in  length,  atid  the  same 
in  breadth.  A  border  of  clay  must  be  formed  at 
the  lower  end,  leaving  only  one  aperture  at  the 
lowest  point,  through  which  the  water  may  issue. . 
To  this  aperture  aoapt  a  stone  with  a  hole  in  it, 
about  an  inch  in  diameter.  Then  collect  pebbles 
of  various  sizes,  and  cover  this  area  MMth  the 
largest,  leaving  an  interval  of  a  few  inches  only 
between  them.  Place  others,  somewhat  smaller, 
above  the  interstices  left  by  the  former  ;  arrang- 
ing se  verar  strati*|||i.' this  manner  above  eacli 
other,  always  diminishing  the  size,  till  the  last 
are  onlj'  very  large  gravel.  Cover  the  whole,  to 
the  thickness  of  some  inches,  with  coarse  sand, 
and  then  with  some  that  is  finer  ;  but  if  moss  can 
be  procured  it  wiil  be  proper  to  cover  the  very 
large  gravel  with  it  to  the  thickness  of  half  an 
inch,  to  prevent  the  sand  from  falling  into  the 
ihtcrstices  between  the  pebbles. 
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It  is  evident  that  the  rain  water^  which  falls 
^n  the  surface  of  this  area,  will  penetrate  through 
the  sand,  flow  into  the  interstices  between  the 
pebbles,  which  cover  the  bed  of  clay,  and  at 
last,  in  consequence,  of  the  inclination  of  the 
ground)  will  proceed  towards  the  apeiture  at  the 
bottom,  through  which  it  will  issue  in.  a  stream 
of  greater  or  less  size,  according  to  the  abund- 
ance of  the' rain.  ^ 

Now,  if  we  suppose  that  tidewater  which  fall» 
annually  on  this  piece  of  ground  is  18  inches  in 
height,  it  will  be  found  that  the  quantity  of  water 
collected,  will  be  66150  cubic  feet;  and  if  we 
suppose  one  fourth  wasted  by  evaporation,  or 
remaining  between  the  joints  and  interstices  of 
the  stones,  sand  and  moss,  we  shall  still  have 
about  49600  cubic  feet  of  water  in  the  year,  01^ 
about  303800  gallons  ;  that  is  to  say,  almost  lopo 
gallons  per  day,  a  <]uantity  much  more  than  is 
necessary  for  the  largest  family. 

It  will  perhaps  be  said,  that  such  a  spring  of 
water  would  cost  exceedingly  dear.  This  we 
shall  admit.  But  we  much  doubt  whether  the 
construction  of  it  would  cost  so  much  as  that  of 
a  large  cistern,  which,  to  confine  the  water,  re- 
quires to  be  lined  with  clay  or  cement  :  besides, 
the  water  collected  by  a  cistern,  is  only  the  rain 
water  which  falb  from  the  roofs  of  a  few  houses* 
and  which  is  consequently  impure. 

Besides,  it  might  be  rendered  much  less  ex-- 
pensive  by  preparing,  in  the»,  above  manper^  a 
small  portion  of  ground,  such  as.  twenty  yards 
square  ;  and,  to  increase  the  quantity  of  rai,n 
water  thus  obtained,^.  \Yl;^ich  would  i^ot  exceed 
5400  cubic  ^eet^  .that' which  fdl  on  the  nei^l»- 
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bouring  ground  might  be  conveyed  thither  by 
small  Grains^  froin  the  distance  of  some  hundred 
yards.  By  these  means,  a  very  abundant  reser- 
voir of  filtred  water  might  be  formed  at  a  very 
small  expcncc  ;  and  the  -proprietor  would  enjoy 
the  pleasure  of  having  a  spring,  exactly  similar 
to  those  furnished  by  nature. 
'  We  are  only  apprehensive  that  the  water  would 
flow  off  with  too  much  rapidity  ;  but  this  incon- 
venience might  be  prevented  by  making  the 
aperture  through  which  it  escaped  of  such  a  size 
à&  to  render  it  perpetual  ;  or  by  adapting  to  it  à 
cock,  and  keeping  it  shut  till  it  might  be  neces-^ 
sajy  to  draw  water. 

PROBLEM  XLVI. 

■  «  • 

U^hat  is  the  rceight  of  the  air  with  which  the  body 
of  a  man  is  continually  loaded  ? 

Who  would  imagine  that  the  human  body  is 
continually  loaded  with  the  weight  of  twenty  or 
thirty  thousand  pounds,  which  compresses  it  in 
every  direction  ?  This,  however,  is  a  truth  which 
has  been  placed  beyond  all  doubt  by  the  disco- 
very of  the  gravit}»-  of  the  air. 

Every  fluid  presses  on  its  base,  in  the  ratio  of 
the  extent  of  that  base,  and  of  its  height.  But, 
it  has  been  proved,  that  the  weight  of  the  air  is 
equivalent  to  the  weight  of  a  column  of  water 
32  feet  in  height;  consequently  every  square 
foot,  at  the  surface  of  the  earth,  is  charged  with 
a  column  of  air  equal  to  one  of  water  of  32  cubic 
feet  ;  that  is  to  say  2000  pounds,  as  a  cubic  foot 
of  water  weighs  61  pounds  and  a  half.    The  sur* 
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face  of  the  body  in  a  man  of  moderate  size  î* 
estimated  at  li^  square  feet;  and  therefore,  if 
20Q0  be  multiphed  by  14,  we  shall  have  28000 
pounds  for  the  weight  applied  to  the  surface  of 
the  body  of  a  moderate  sized  man. 

But,  how  is  it  possible  to  withstand  such  a 
load  ?  The  answer  is  easy  :  the  whole  human 
frame  is  filled  with  air,  which  is  in  equiUbrium 
with  the  exterior  air.  Of  this  there  can  be  no 
doubt  ;  for  an  animal  placed  under  the  receiver 
of  an  air  pump,  swells  up  as  soon  as  the  machine 
begins  to  be  evacuated  of  air  ;  and  if  the  opera- 
tion be  continued^  it  will  distend  so  much  that 
It  will  at  length  perish  and  even  burst. 

It  is  the  difference  of  this  gravity  that  renders 
us  more  active  or  oppressed,  according  as  the 
body  is  more  or  less  loaded.  In  the  first  case, 
the  body  being  more  contracted  by  the  weight  of 
the  air,  the  blood  circulates  with  greater  rapidity  ; 
and  all  the  animal  functions  are  performed  with 
pore  ease.  In  the  second,  the  weight  being 
diminished,  the  whole  machine  is  relaxed,  and 
the  orifices  of  the  vessels  become  relaxed  also  ; 
the  motion  of  the  blood  is  more  sluggish,  and 
no  longer  communicates  the  same  activity  to  the 
nervous  fluid  ;  we-are  dejected,  and  incapable  of 
labour,  as  wiell  as  of  reflection,  and  this  is  the 
case  in  particular  when  the  air  is  at  the  same  time 
damp  ;  for  nothing  relaxes  the  fibres  of  our  frail 
machine  so  much  as  moisture* 
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Method  of  comtructing  a  spiall  machine^  which, 
like  the  statue  of  Mannon^  shall  emit  sounds  at 
sun-rise. 

The  story  respecting  the  statue  of  Memnon^ 
exhibited  in  one  of  the  temples  of  Egypt,  is  well 
known.  If  we  can  credit  the  ancient  historians, 
it  saluted  the  rising  sun  by  sounds,  which  seemed 
to  proceed  from  its  mouth.  But  however  this 
may  be,  a  similar  effect  can  be  produced  in  the 
following  manner. 

Provide  a  pedestal,  in  the  form  of  a  hollow 
parallelopipedon  A  B  C,  pi.  4,  fig.  22  ;  and  let 
the  cavity  be  divided  into  two  parts,  by  a  parti- 
tion D  E.  The  lower  part  must  be  very  close, 
and  filled  with  water  to  a  third  of  its  height  :  the 
remainder  must  be  filled  with  air.  The  partition 
D  E  must  have  a  hole  in  it  to  receive  a  pipe, 
some  lines  in  diameter,  well  soldered  into  it,  and 
which  reaches  nearly  to  the  bottom  of  the  lower 
cavity.  This  tube  must  contain  such  a  quantity 
of  water,  that  when  the  air  is  cooled  to  the  tem- 
perature of  night,  the  water  shall  be  nearly  at 
the  level  of  F  G.  One  of  the  faces  of  the  pe- 
destal must  be  so  thin,  as  to  become  easily  heated 
by  the  rays  of  the  sun.  Of  all  metals,  lead  is 
the  soonest  heated  in  this  manner  ;  and  therefore 
a  thin  plate  of  lead  will  be  very  proper  for  the 
required  purpose. 

K  L  is  an  axis,  which  revolves  freely  on  its 
pivots  at  K  and  L  ;  round  this  axis  is  rolled  a 
very  flexible  cord,  which  supports  on  the  one 
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baud  the  weight  N,  and  on  the  other  the  weight 
M,  which  moves  freely  in  the  pipe  H  I.  The 
ratio  of  these  weights  must  be  such,  that  M  shall 
preponderate  over  N,  when  the  former  is  left  to 
itself;  but  N  must  preponderate  when  the  former 
loses  a  part  of  its  weignt  by  floating  in  the  water  ; 
this  combination  will  not  be  attended  with  much 
difficulty. 

In  the  last  place,  the  axis  K  L  supports  a 
barrel,  some  inches  in  diameter,  and  a  few  inches 
in  length,  implanted  with  spikes,  which,  touching 
keys  like  those  of  a  harpsichord,  raise  up  quill« 
and  make  them  strike  against  strings,  properly 
attuned*  The  air  must  be  finished  in  one  or  two 
revolutions  of  the  barrel,  and  it  must  be  exceed* 
ingly  simple,  and  consist  of  a  few  notes  only. 
All  this  mechanism  may  be  easily  inclosed  in  the 
upper  cavity  of  the  pedestal.  On  the  top  of  i( 
must  be  placed  a  figure  or  bust,  representing 
that  of  Memnon,  with  its  mouth  open,  and  ia  ' 
the  attitude  of  speaking.  It  woulci  not  be  dif* 
ficult  to  connect  its  eyes  with  the  axis  K  L,  in, 
such  a  manner  as  to  render  them  moveable. 

From  this  diescription  it  may  be  readily  con- 
ceived, that  the  side  of  the  pedestal,  exposed  to 
the  east,  cannot  receive  the  rays  of  the  sun  with- 
out becoming  hot;  and  that,  when  heated,  it  will 
heat  the  air  contained  in  the  lower  cavity  :  this 
air  will  make  the  water  rise  in  the  pipe  H  I,  by 
which  means  the  weight  N  will  preponderate, 
and  cause  the  axis  K  L  to  revolve,  and  consç* 
quently  the  cylinder  furnished  with  spikes,  which 
will  raise  the  keys  ;  and  in  this  itianner  the  air 
that  has  been  noted  will  be  performed.  But  for 
this  purpose  the  diameter  of  the  axis  K  L  must 
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be  sa  proportioned,  that  the  weight  N  by  de^ 
scending^  two  lines  for  example,  shall  cause  the 
cylinder  to  revolve  once  or  twice  with  sufficient 
rapidity,  to  make  the  sounds  succeed  each  other 
quick  enough  to  form  an  air. 

Father  Kircher,  it  is  said,  had  in  his  Museum 
a  machine  nearly  of  the  same  kind  ;  a  descrip- 
tion of  which  has  been  given  by  Father  S(;hott; 
but  we  think  ourselves  authorized  to  assert,  that 
it  could  not  produce  the  desired  effect  ;  for 
Schott  says  that  the  air  was  impelled  through  a 
small  pipe  against  a  kind  of  vanes,  implanted  in 
a  small  wheel  ;  but  as  the  air^  in  this  manner, 
could  issue  only  very  slowly,  it  is  evident  that 
no  motion  could  be  communicated  to  the  wheel. 
If  Kircher's  machine  then  produced  any  efFeèt, 
as  said,  the  mechanism  of  it  has  not  been  pro- 

£erly  described  by  Schott.  We  will  not  venture 
owevcr  to  assert,  that  the  one  in  question  will 
answer  the  intended  purpose,  as  we  much  doubt 
whether  the  rising  sun  would  rarefy  the  air, 
contained  in  its  lower  cavity,  in  a  manner  suffi- 
ciently sensible  in  all  climates. 

REMARK. 

We  shall  say  nothing  farther  in  regard  to  th« 
machines  which  may  be  put  in  motion  by  the 
compression,  or  the  rarefaction,  or  condensa- 
tion, &c,  of  the  air;  for  if  we  should  imitate 
Father  Schott,  we  might  find  sufficient  matter  to 
fill  a  quarto  volume.  We  shall  therefore  refer 
those  who  are  fond  of  such  machines  to  the  Me- 
canica  hydrauUco-pneumatica  of  that  Jesuit,  print- 
ed at  Frauckfort  in  i^sjy  4to  ;  and  to  his  Tcchnica 
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curiosa  or  Mirabilia  Art  is.     Herbip.    1^64,    1 
vols.  4ta  . 

The  reader  will  find  in  these  books  abundance 
of  such  frivolous  inventions,  extracted  for  the 
most  part  from  the  works  of  Father  Kircher,  who 
paid  a  good  deal  of  attention  to  tliem  ;  and  from 
the  Spiritalia  of  Hero  ;  and  from  Alleoti  his  trans- 
lator and  commentator;  as  also  the  Philosa- 
phia  Fontium^  of  Dobrezensky,  &c,  &c, 

PROBLEM  XLVIII. 

The  phenomena  of  Capillary  Tubes» 

Capillary  tubes  are  tubes  of  glass^  the  in- 
terior aperture  of  which  is  very  narrow,  being 
only  half  a  line,  br  less,  in  diameter.  The  reason 
of  this  denomination  may  be  readily  perceived^ 

These  tubes  are  attended  with  some  singular 
phenomena,  in  the  explanation  of  which,  phi- 
losophers do  not  seem  to  have  agreed.  Hitherto 
it  has  been  easier,  in  this  respect,  to  destroy, 
than  to  build  up.  The  principal  of  these  phe- 
nomena are  as  follow  : 

I.  It  is  well  known  that  water,  or  any  other 
fluid,  rises  to  the  same  height  in  two  tubes  which 
have  a  communication  with  each  other  ;  but  if 
Qne  of  the  branches  be  capillary,  this  rule  does 
not  hold  good  :  the  water  in  the  capillary  tube  , 
rises  above  the  level  of  that  in  the  other  branchy 
and  the  more  so,  the  narrower  the  capillary 
tube  is. 

It  seemed  very  easy  to  the  first  philosopher^,, 
who  beheld  this  phenomenon,  to  give  an  expla- 
nation of  it.     They  supposed  that  the  air,  which 
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'  presses  On  the  water  in  the  capillary  tube,  cxpe^ 
riences  some  difficulty  in  exerci:iing  its  action, 
on  aciCH>unt  of  the  narrowness  of  the  tube  ;  and 
that  the  result  must  be  an  elcivation  of  the  fluid 
on  that  side. 

-  This  however  was  not  very  satisfactory  ;  for 
what  reason  is  there  to  think  that  the  air,  the 
particles  of  which  are  so  minute,  will  not  be  at 
perfect  freedom  in  a  tube  half  a  line,  or  a  quarter 
of  a  line,  in  ^i^m^ter? 

"^  But  whether  this  explanation  be  satisfactory  or 
not,  it  is  entirely  overturned  by  the  second  and 
third  phenomena  of  capillary  tubes. 

IL  When  mercury  is  employed,  instead  of 
water,  this  fluid,  instead  of  rising  in  the  capil- 
lary branch,  to  the  level  which  it  reaches  in  the 
otiier,  remains  below  that  level. 

III.  If  the  experiment  be  performed  in  vacuo, 
every  tTiing  takes  place  the  same  as  in  the  open 
air.  The  cause  of  this  phenomenon  then  is  not 
to  be  sought  for  in  the  air. 

IV.  If  the  inside  of  the  tube  be  rubbed  with 
any  greasy  matter,  such  as  tallow,  the  water, 
instead  of  rising  above  the  level,  remains  below 
it.  The  case  is  the  same,  if  the  experiment  be 
made  with  a  tube  of  wax,  or  the  quills  of  a  bird,, 
the  insi<le  of  which  is  alwaj-s  greasy. 

V.  If  the  end  of  a  capillaiy  tube  be  immersed 
in  water,  this  fluid  immediately  rises  above  tho 
level  of  that  in  the  vessel,  and  to  the  same  height 
to  which  it  would  rise  in  a  syphon,  if  one  of  its 
branches  were  a  capillary  tube,  and  the  other  of 
the  common  size  ;  so  that  if  the  surface  of  the 
water  only  be  touched,  it  is  immediately  at- 
tracted, as  it  were,  to  the  height  above  men^ 
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tioned,  and  it  remains  suspended  at  that  height 
when  the  tube  is  removed  from  the  water. 

VI.  If  a  capillary  tube  be  held  in  a  perpendi- 
cular direction,  or  nearly  so,  and  if  a  drop  of 
water  be  made  to  run  along  its  exterior  surface, 
when  the  drop  reaches  its  lower  aperture,  it 
enters  the  tube,  if  it  be  of  sufficient  size,  and 
rises  to  the  height  at  which  it  would  stand,  above 
the  level,  in  the  branch  of  a  syphon  of  that 
calibre. 

VII.  The  heights  at  which  water  maintains 
itself  in  capillary  tubes,  are  in  the  inverse  ratio 
of  the  diameters.  Thus,  if  water  rises  to  the 
height  of  lo  lines  in  a  tube  one  3d  of  a  line 
in  diameter,  it  ought  to  rise  to  the  height  of 
20  lines  in  a  tube  one  6th  of  a  line  in  diameter, 
and  to  the  height  of  100  in  a  tube  one  30th  of 
a  line  in  diap^eter. 

The  falling  of  mercury  below  the  level  in  such 
tubes,  follows  also  the  inverse  ratio  of  the  dia- 
meters of  the  tubes. 

VIII.  If  a  capillar)^  tube  be  formed  of  twa 
parts  of  unequal  calibres,  as  seen  pi.  4,  fig.  23, 
where  the  diameter  of  A  B  is  much  less  than  that 
of  B  C,  and  if  a  b  be  the  height  at  which  the 
water  would  maintain  itself  in  a  tube  such  as 
A  B,  and  c  d  that  at  which  it  would  remain  in 
the  larger  one  B  C,  when  this  tube  is  immersed 
in  such  a  manner  that  the  aperture  of  the  smaller 
end  B,  shall  be  raised  above  the  level,  by  a  height 
greater  than  c  J,  the  water  will  maintain  itself  as 
seen  fig.  24,  at  that  height  c  d  above  the  level  r 
but  if  the  tube  be  immersed  in  such  a  manner 
that  the  water  shall  reach  to  B,  it  will  immc* 
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diately  vise  to  ttie  sime  height  as  1  f'  the  tube  were 
t>f  the  same  calibre  as  that  befoi^e  mentioned. 

The  case  is  the  same,  if  the  capillary  tube  be 
immersed»  beginning  with  the  narrower  branch. 

IX.  Those  persons  would  be  deceived  who 
should  imagine^  that  the  lightest  liquors  rise  to 
the  greatest  height  in  these  tubes  t  of  aqueous 
liquors,  spirit  of  wine  is  that  which  jises  to  the 
least  height  In  a  tube  in  whiduurarter  rises  a6 
liues,  spirit  of  wine  rises  only  9  or  10*  The 
elevation  of  spirit  of  wine,  in  general^  is  only 
the  half  or  a  third  of  that  of  water. 

This  elevation  depends  also  on  the  nature  of 
the  glass  :  in  certain  tubes^  water  rises  higher 
tlian  in  others,  though  their  calibres  be  the  samie# 

To  be  convinced  that  these  effects  are  not  pro- 
duced by  any  thing  without  the  tube  or  the 
liquor>  it  is  necessary  to  see  these  phenomena» 
which  are  indeed  the  same  in  a  vacuum,  or  in 
air  highly  rarefied,  as  in  the  air  which  we  breathe. 
They  vary  also  according  to  the  nature  of  the 

5 lass  of  which  the  tube  is  formed  ;  and  they  are 
Efferent  according  to  the  nature  of  the  fluid. 
The  causes  therefore  must  be  sought  for  in  some- 
thing ihherent  in  the  nature  of  the  tube,  and  in 
that  of  the  fluid. 

Thiç  cause  is  generally  ascribed  to  the  attrac- 
tion mutually  exercised  between  glass  and  water. 
This  explanation  has  been  controverted  by  Father 
Gerdil,  a  Barnabite  and  an  able  philosopher,  who 
has  done  every  thing  in  his  power  to  overturn  it. 
On  the  other  hand,  M.  de  la  Lande  has  stood 
forth  in  its  defence,  and  is  one  of  those  modern 
writers  who  have,  placed  this  explanation  in  the 
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clearest  light.  The  reader  may  consult  also,  oh 
this  subject,  a  very  learned  and  profound  memoir 
by  M.  Weitbrecht,  in  the  Memoirs  of  the  Impe- 
rial Academy  of  Sciences  at  Petersburgh. 

PROBLEM    XLtXi 

Of  some  attempts  to  produce  a  Perpetual  Motion  ^  by 
means  of  capillary  siphons. 

When  philosophers  saw  water  rise  in  a  capilla- 
ry tube,  above  the  level  of  that  in  which  it  was 
immersed,  or  above  that  at  which  it  stood  in  a 
wider  tube,^  with  which  it  formed  an  inverted 
siphon,  they  were  induced  to  conjecture  the  pos-* 
sibility  of  a  perpetual  motion  ;  tor  if  the  water, 
said  they,  rises  to  the  height  of  an  inch  above 
that  level,  let  us  interrupt  its  ascent,  by  making 
the  tube  only  three  quarters  of  an  inch  m  height: 
the  water  will  then  rise  above  the  orifice,  and 
falling  down  the  sides  into  the  vessel,  the  same 
quantity  will  again  rise,  and  so  on  in  succession. 
Or,  if  the  water  that  rises  in  the  capillary  branch 
of  a  siphon  be  conveyed,  by  an  inclined  tube, 
into  the  other  branch,  a  continual  circulation  of 
the  fluid  will  take  place  ;  and  hence  a  perpetual 
motion  given  by  nature. 

But,  unfortunately,  this  idea  was  not  confirm- 
ed by  experiment.  If  the  ascent  of  water,  in  a 
capillary  tube,  be  intercepted,  by  cutting  the 
tube  at  half  the  height,  for  example,  to  which 
the  water  ought  to  rise,  the  latter  will  not  rise 
above  the  orifice  to  trickle  do\vn  the  sides.  And 
the  case  will  be  the  same  in  the  other  attempt. 

The  following,  however,  is  a  very  ingenious 

TOL.  IV.  o 
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one  ;  and  it  is  difficult  to  discover  the  cause  of 
its  not  succeeding. 

Let  ABC,  pi.  4  fig,  25,  be  a  capillary  tube, 
the  diameter  of  the  long  branch  of  which  is 
much  smaller  than  that  of  the  other  :  it  is  suppos- 
ed, that  if  the  orifice  A  be  immersed  in  the  water 
contained  in  tlie  vessel  I)  E,  it  will  rise  to  B,  the 
supimit  of  the  bending  of  the  tube  ;  and  that  in 
the  other  branch  BC,  it  will  rise  only  to  the 
height  C  H  above  the  level. 

If  the  siphon  be  filled  with  water,  and  if  it  be 
immersed  to  such  a  depth  that  the  water  can 
rise,  as  above  said,  to  the  bending  B,  it  appears 
^evident,  and  incontestable,  that  the  water  in 
the  part  B  H,  will  force  down  that  contained  in 
CN.  But  this  cannot  take  place  without  the 
water  contained  in  AD  following  it;  hence' the 
water  will  continuaHy  ascend  from  A  to  B,  and 
fall  down  into  the  vessel,  through  the  branch  B  C. 
Here  then  we  have  a  perpetual  motion. 

Nothing  is  more  specious  ;  but  unfortunately 
this  illusion  is  destroyed  also  by  experience  ;  the 
water  does  not  fall  through  the  branch  B  C  ;  on 
the  contrary,  it  rises  till  the  branch  AB  alone 
is  full. 

We  think  it  our  duty  to  subjoin  here  another 
idea  of  a  perpetual  motion,  by  means  of  two 
siphons,  though  the  siphons  employed  for  this 
purpose  are  not  altogether  capillary.  It  desei^ies 
the  more  attention,  as  it  was  not  proposed  by  an 
obscure  person,  but  by  one  who  is  justly  classed 
among  the  greatest  mathematicians  :  we  mean 
the  celebrated  John  Benioulli. 

Let  there  be  two  liquors,  said  Bernoulli,  sus- 
ceptible of  being  mixed  together,    the  specific 
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gravities  of  which  are  as  the  lines  A  B  and  C  D  : 
it  is  well  known  that  if  two  tubes,  which  com- 
municate with  each  other,  have  their  heights 
above  the  branch  of  communication  in  the  same 
ratio,  the  shortest  branch  may  be  filled  with  the 
heaviest  fluid,  and  the  longest  with  the  lightest, 
and  these  two  fluids  will  remain  in  equilibrio  ; 
hence  it  follows,  that  if  the  longer  branch  be  cut 
somewhere  below  the  length  it  ought  to  have, 
the  fluid  contained  in  t^iis  branch  will  run  into 
the  lower  one. 

Let  lis  now  suppose  that  the  shorter  branch 
E  F,  pi.  4  fig.  26,  is  filled  with  a  fluid  composed 
of  two  liquors  of  diff'erent  specific  gravities,  and 
that  a  filtre  be  placed  in  the  point  F,  so  as  to 
afford  a  passage  only  to  the  lighter  ;  let  the  tube 
F  G  be*  filled  with  the  latter,  and  let  its  height  be 
Somewhat  less,  in  order  to  estabhsh  an  equili- 
brium between  the  liquor  in  the  branch  E  F,  and 
that  in  F  G. 

Things  being  in  this  state,  as  the  filtre  suffers 
only  the  lighter  liquor  to  pass,  the  latter,  in  con- 
sequence of  the  equilibrium  being  destroyed,  will 
be  impelled  outwards,  through  .the  orifice  G  ; 
and  consequently  may  be  conveyed  by  a  small 
pipe  into  the  orifice  E,  where  it  will  again  mix 
with  the  liquor  contained  in  E  F  :  and  this  effect 
will  always  continue,  because  the  column  of 
liquor  G  F  will  be  too  light  to  counterbalance 
the  compound  column  E  F.  Here  then  we  have 
a  perpetual  motion  ;  and  this,  says  Bernoulli,  is 
that  which  maintains  the  rivers,  by  means  of  the 
water  of  the  sea  ;  for,  adhering  to  the  old  ideas, 
in  regard  to  the  origin  of  fountains,  he  imagined 
it  was  by  a  similar  mechanism  that  the  sea  water. 
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deprived  of  its  salt,  was  conveyed  to  the  summiti 
of  the  mountains.  He  only  rejected  the  idea  of 
those  who  pretend  that  it  rises  above  its  level,  ia 
consequence  of  the  property  of  capillary  tubes  ; 
ibr  he  remarked  that  in  that  case  it  would  not 
flow  down. 

We  will  not  venture  to  assert  what  might  be 
the  case,  if  it  were  possible  to  realise  the  suppo- 
sitions of  Bernoulli  :  we  are  however  strongly  in- 
clined to  believe,  that  it  would  not  succeed; 
and  as  the  above  reasoning,  in  regard  to' capilla- 
ry tubes,  though  in  appearance  convincing,  is 
belied  by  experience,  we  are  of  opinion  that  the 
case  would  be  the  same  with  this  of  Bernoulli. 

PROBLEM  L. 

77/e  prodigious  force  of  moisture  to  raise  burthens. 

One  of  the  most  singular  phenomena  in  phy- 
sics, is  the  force  with  which  the  vapour  of  water, 
or  moisture,  penetrates  into  those  bodies  which 
are  susceptible  of  receiving  it  If  a  very  consi- 
derable burthen  be  affixed  to  a  dry  and  well 
stretched  rope,  "and  if  the  rope  be  only  of  such  a 
length  as  to  suffer  the  burthen  to  rest  on  the 
ground,  on  moistening  the  rope,  you  will  see  the 
burthen  raised  up. 

The  anecdote  respecting  the  famous  obelisk 
erected  by  Pope  Sixtus  V,  before  St  Peter  s  at 
Rome,  is  well  known.  The  chevalier  Fontana, 
who  had  undertaken  to  raise  this  monument,  was, 
it  is  said,  on  the  point  of  failing  in  his  operation, 
just  when  the  column  was  about  to  be  placed  on 
Its  pedestal.     It  was  suspended  in  the  open  air  \ 
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and  as  the  ropes  had  stretched  a  little,  so  that 
the  base  of  the  obelisk  could  not  reach  the 
summit  of  the  pedestal,  a  Frenchman  cried  out 
*'  Wet  the  ropes.'*  This  advice  was  followed  ; 
and  the  column,  as  if  of  itself,  rose  to  the  ne- 
cessary height,  to  be  placed  upright  on  the  pe- 
destal prepared  for  it. 

This  story  however,  though  often  repeated,  is 
a  mere  fable.  Those  who  read  the  description 
of  the  manœuvres  which  Fontana  employed  to 
raise  his  obelisk,  will  see  that  he  had  no  need  of 
such  assistance.  It  was  much  easier  to  cause  his 
capstans  to  make  a  few  turns  more,  than  to  go 
in  quest  of  sponges  and  water  to  moisten  his 
ropes.  But  the  story  is  established,  and  will 
long  be  repeated  in  France,  because  it  relates  to 
a  Frenchman. 

However,  the  following  is  another  instance  of 
the  power  of  moisture,  in  overcoming  the  greatest 
resistances  :  it  is  the  method  by  which  millstones 
are  made.  When  a  mass  of  this  stone  has  been 
found  sufficiently  large,  it  is  cut  into  the  form  of' 
a  cylinder,  several  feet  in  height  ;  and  the  ques- 
tion then  is,  how  to  cut  it  into  horizontal  pieces, 
to  make  as  many  millstones.  For  this  purpose, 
circular  and  horizontal  indentations  are  cut  out 
quite  around  it,  and  at  proper  distances,  accord- 
ing to  the  thickness  to  be  given  to  the  millstones. 
Wedges  of  willow,  dried  in  an  oven,  are  then 
driven  into  the  indentations,  by  means  of  a 
mallet.  When  the  wedges  have  sunk  to  a 
proper  depth,  they  are  moistened,  or  exposed  to 
the  humidity  of  the  night,  and  next  morning  the 
different  pieces  are  found  separated  from  each 
other.     Such  is  the  process  which,  according  to 
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M.  de  Mairan>  îs  employed  in  different  place^ 
for  constructing  millstones. 

By  what  mechanisn^  is  tliis  effect  produced  ? 
This  question  has  been  proposed  by  M.  de  Mairan; 
but  in  our  opinion,  the  answer  tvhich  he  gives  to 
it  is  very  unsatisfactory.  It  appears  to  us  to  be 
the  effect  of  the  attraction  by  which  the  water  is 
made  to  rise  in  the  exceedingly  narrow  capillary 
tubes  with  which  the  wood  is  filled.  Let  us 
suppose  the  diameter  of  one  of  these  tubes  to  be 
only  the  hundredth  part  of  a  line  ;  let  us  suppose 
aIso>  that  the  inclination  of  the  sides  is  one  se- 
cond, and. that' the  force  with  which  the  water 
tends  to  introduce  itself  into  the  tube,  is  the 
fourth  part  of  a  grain  :  this  force,  so  very  small, 
will  tend  to  separate  the  flexible  sides  of  the 
tube,  with  a  force  of  about  50000  grains  ;  \\'hich 
make  about  8|  pounds.  In  the  length  of  an  incl^ 
let  there  be  only  50  of  these  tubes,  which  gives 
2500  in  a  square  inch,  and  the  result  will  be  an 
effort  of  21875  pounds.  As  the  head  of  a  wedge, 
of  the  kind  above  mentioned,  may  contain  four 
or  five  square  inches,  the  force  it  exerts  will  be 
equal  to  about  90  or  100  thousand  pounds;  and 
if  we  suppose  10  of  these  wedges  in  the  whole 
circumference  of  the  cylinder,  intended  to  form 
millstones,  they  will  exercise  together  an  eftbrt 
of  900  thousand  or  a  million  of  pounds.  It 
needs,  therefore,  excite  no  surprise  that  they 
should  separate  those  blocks  into  the  intervals 
between  which  they  are  introduced. 
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Of  Papin's  Digester. 

Papin*s  digester  is  a  vessel,  by  means  of  which 
a  degree  of  heat  is  communicated  to  water,  sn- 
perior  to  that  which  it  acquires  when  it  boils. 
Water  indeed  exposed  to  comiiron  air,  or  thje 
mere  pressure  of  the  atmosphere,  however  strong- 
ly it  boil,  can  acquire  only  a  certain  degree  of 
heat,  which  never  varies  ;  but  that  inclosed  in 
Papin's  digester  acquires  such  a  degree,  that  it 
is  capable  of  performing  operations,  for  M'hîch 
common  boiling  water  is  absolutely  insufficient. 
A  proof  of  this  will  be  seen  in  the  description  of 
the  effects  produced  by  this  machine. 

This  vessel  may  bç  of  any  fpnji,  though  the 
cylindric  or  spherical  is  best;  but  it  must  be 
made  of  copper  or  brass.  A  cover  must  be 
adapted  to  it,  in  such  a  manner,  as  to  leave  no 
aperture  through  which  the  water  can  escape. 
To  prevent  the  vessel  from  bursting,  a  hole  is 
made  in  the  side  of  it,  or  in  the  cover,  some  lines 
in  diameter,  with  an  ascending  tube  fitted  into 
it,  on  which  is  placed  the  arm  of  a  lever  kept 
down  by  a  weight.  This  lever  ser\^es  as  a  mode- 
rator to  the  heat  ;  for  if  there  were  no  weight  on 
the  aperture  of  this  regulator,  the  water,  when 
it  ^attains  to  a  certain  degree  of  common  ebulli- 
tion, would  escape  almost  entirely  through  the 
aperture,  either  in  M'ater  or  in  steam  :  if  the 
"Weight  be  light,  the  water,  in  order  to  raise  it, 
must  assume  a  greater  degree  of  heat.  It  there 
were    no    regulator  of  this  kind^  the  machine* 
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might  burst  into  pieces,  by  the  expansive  force 
of  the'  steam.  For  this  reason,  it  is  proper  that 
the  machine  should  be  of  ductile  copper,  and  i^ot 
of  cast  iron  ;  because  the  former  of  these  metals 
does  not  burst  like  the  latter,  but  tears  as  it 
were  ;  so  that  it  is  not  attended  with  the  same 
Rangerons  consequences. 

When  thç  machine  is  thus  constructed,  fill  it 
with  water,  and  having  fitted  on  the  cover,  let  it 
be  fastened  strongly  down  by  a  piece  of  iron 
placed  over  it,  which  can  be  well  secured  by 
3crews  :  then  complete  the  filling  it  through  the 
small  tube  which  serves  as  a  moderator  or  re- 
gister, and  set  it  over  a  strong  fire.  The  water 
It  contain^  cannot  boil  ;  but  it  acquires  such  a 
degree  of  heat  that  it  is  able,  in  a  short  time,  to 
soften  and  decompose  the  hardest  bodiçs  ;  whilç 
the  same  effect  could  not  be  produced  by  ebulli- 
tion continued  for  several  weeks  :  it  is  even  said 
that  the  heat  may  be  carried  so  far,  as  to  bring 
the  machine  to  a  state  of  ignition  ;  in  which  case 
it  is  evident  that  the  water  must  be  in  the  same  ; 
but  in  our  opinion  this  experiment  is  exceed- 
ingly dangerous. 

However,  the  follcAving  are  some  of  the  effects 
of  this  heat,  when  carried  only  to  three,  four,  or 
five  times  that  of  boiling  water. 

Horn,  ivory,  and  tortoise  shell,  are  softened  in 
a  short  time,  and  at  length  reduced  to  a  sort 
of  jelly. 

The  hardest  bones,  such  as  the  thigh  bone  of 
an  ox,  are  also  softened,  and  at  length  entirely 
decomposed  ;  so  that  the  gelatinous  part  is  sepa-^ 
rated  from  them,  and  the  residuum  is  nothing 
bpt  earthy  matter.      When  no  more  than  the 
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proper  de^ee  of  heat  has  been  employed  in  this 
decomposition,  the  jelly  may  be  collected  :  it 
coagulates  as  it  cools,  and  may  be  made  into 
nourishing  soup,  which  would  be  equal  to  that 
Commonly  used,  if  it  had  not  a  taste  somewhat 
empyreumatic.  This  jelly  may  be  absolutely 
formed  into  dried  cakes,  which  will  keep  exceea- 
ingly  well,  provided  they  be  preserved  from 
moisture.  They  may  serve  as  a  substitute  for 
meat  soup,  &c. 

Hence  it  may  be  conceived,  how  useful  this 
machine  might  be  rendered  in  the  arts,  for  eco- 
nomy, and  in  navigation. 

From  these  bones,  thrown  away  as  useless» 
food  might  be  obtained  for  the  poor  in  times 
of  scarcity,  or  some  ounces  of  bread,  with  soup 
made  from  the  above  cakes,  would  form  whole- 
some and  nourishing  aliment. 

Sailors  might  carry  with  them  during  their 
long  voyages,  some  of  these  cakes,  preserved  in 
jars  hermetically  sealed  ;  they  would  cost  much 
less  than  preparations  of  the  same  kind  from 
meat,  as  the  matter  of  which  the  former  an 
made  is  of  no  value.  The  sailors,  who  are  ac- 
customed to  live  on  salt  provisions,  would  be  less 
exposed  to  the  scurvy.  At  any  rate,  these  cakes 
might  be  reserved  till  a  scarcity  of  fresh  meat,  or 
of  any  other  kind  of  provisions,  which  so  often 
takes  place  at  sea.  It  would  be  a  great  advan- 
tage to  have  collected  into  a  small  volume  the 
nourishing  part  of  several  oxen  ;  for  since  a 
pound  of  meat  contains,  at  least,  an  ounce  of 
gelatinous  matter  reduced  to  dryness,  it  thence 
Follows,  that  1500  pounds  of  the  same  meat^ 
which  is  the  whole  weight  of  a  bullock,  would 
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givç   only  94  pounds^    which  might  be  easily 
contained  in  an  earthen  jan 

In  the  last  place,  it  would  be  of  great  use  to 
^e  arts,  to  be  able,  With  a  machine  of  this  kind, 
to  soften  ivory,  horn,  bone,  and  wood,  so  as  to 
render  them  susceptible  of  being  moulded  into 
any  form  at  pleasure, 

PILOB^EM  LU. 

fVhat  is  the  reason  that  in  mfiter^  when  the  weather 
suddenly  becomes  mildy  the  air  in  houses  con* 
tinuesy  even  Jar  several  days,  to  be  colder  than 
the  ei'terior  air? 

This  question  will  present  no  difficulty  to 
those  who  are  acquainted  with  the  phenomena 
of  the  communication  of  lieat.  It  is  well  known 
indeed,  that  the  rarer  a  body  is,  the  less  time  it 
requires  to  become  hot,  or  to  cool  ;  and,  on  the 
other  hand,  that  the  denser  it  is,  the  more  ob- 
stinately it  retains  the  heat  it  has  acquired. 

Hence  it  may  be  easily  conceived,  that  when 
cold  has  prevailed  for  some  time,  all  the  bodies 
of  which  our  houses  are  composed,  are  cooled  to 
the  same  degree  as  the  exterior  air.  But  when 
the  exterior  air,  by  any  particular  cause,  becomes 
suddenly  warmer,  these  bodies  do  not  imme- 
diately assume  the  same  temperature  ;  they  lose 
only  gradually  that  which  they  had  acquired  ; 
and  during  this  time  the  interior  air,  which  is 
surrounded  by  them,  retains  the  same  degree 
of  cold. 

Houses,  strongly  built,  that  is  to  say  con- 
stiucted    of   good    squared  stone,    which   have 
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thick  walls,  must,  for  tlxis  reason,  retain  much 
longer  the  cold  they  have  received  frqm  the  ex- 
terior air  ;  and,  for  the  sa,me  rçaspn,  the  air  with* 
in  these  houses  will  remain  longer  at  a  temperar 
ture  below  that  of  the  atmosphere,  thap  in  houses 
built  in  a  slighter  manner  :  for  thç  sannje  rie^on 
also,  it  will  be  less  cold  in  such  hous^s^  at  the 
commencement  of  winter^  than  in  slighter  houses. 

PROBLEM  hill. 

Of  some  natural  sigm^  by  which  a  charfge  of  the 
present  temperature  of  the  air  can  be  predicted. 

This  part  of  philosophy,  we  must  confess,  is 
still  in  its  infancy.  No  person  has  ever  yet  been 
able  to  make  a  series  of  observations^  sufficient 
to  shew  the  connection  which  subsists  between 
the  temperature  of  the  ajr,  and  different  phy- 
sical signs  which  are  commonly  supposed  to  pre- 
cede them.  We  expected  to  find  a  great  deal 
on  this  subject  in  Father  Cottc's  Traité  de  Mé-f 
téorologie;  but  this  work,  exceedingly  useful  in 
other  respects,  does  not  say  a  word  on  the  sub- 
ject. We.  shall  therefore  here  confine  ourselves 
to  a  few  of  those  signs,  which  are  commonly  con- 
sidered as  indications  of  good  or  bad  weather. 
We  will  not  however  warrant  them  as  infallible, 

1st.  When  a  strong  hoar  frost  is  seen  on  the 
ground  in  the  morning,  during  winter,  it  will 
not  fail  to  rain  the  second  or  third  day  after,  at 
farthest.     • 

2d.  It  has  also  been  remarked,  that  it  com- 
monly rains  on  the  day  when  the  sun  ap- 
pears red  or  pale  ;  or  the  next  day  when  the  sun 
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at  the  time  of  setting  is  involved  in  a  large 
cloud  :  in  this  case,  if  it  rains,  the  next  day  is 
exceedingly  windy.  The  same  thing  ahnost 
always  takes  place  also^  when  the  sun  at  setting 
appears  pale. 

3d.  When  the  sun  is  red  at  the  time  of  his 
setting/  it  is  commonly  a  sign  of  fine  weather 
the  next  day:  on  the  other  hand,  if  he  rises 
red,  rain  or  a  strong  wind  commonly  takes  place 
the  day  after. 

4th.  When  a  white  mist  or  vapour  is  seen  to 
rise  from  the  water  or  marshy  places,  after  the 
sun  has  set,  or  a  little  before  he  rises,  one  may 
conjecture,  with  some  degree  of  probability,  that 
next  day  will  be  fine. 

5th.  When  the  moon  is  pale,  it  indicates  rain  ; 
when  red,  wind  may  be  expected  ;  and  when  of 
a  pure  and  silver  colour,  it  is  a  sign  of  fair  M"ea- 
ther,  according  to  this  verse  : 

Pallida  luna  pluit,  rubicunda  flat,  alba  serenat. 

6th.  When  small  black  clouds,  detached  from 
the  rest,  and  lower,  are  seen  wandering  here  and 
there,  or  when  several  clouds  are  seen  collected 
in  the  west,  at  sun  rise,  it  is  a  sign  of  a  future 
tempest.  If  these  clouds,  on  the  other  hand, 
disperse,  it  is  a  sign  of  fine  weather.  When  the 
sun  appears  double  or  treble  through  clouds,  it 
prognosticates  a  storm  of  a  long  duration.  It  is 
the  sign  of  a  great  storm  also,  M'hen  two  or  three 
broken  and  spotted  circles  are  seen  around  the 
moon, 

7th.  When  an  iris,  or  rather  halo,  is  seen 
around  the  moon,  it  is  a  sign  of  rain  ;  and  if  a 
halo  is  seen  around  the  sun,  during  bright  and 
serene  weather,  it  is  also  a  sign  of  rain  ;  but  if 
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the  halo  appear  in  the  time  of  rain^  it  is  a  siga 
of  fine  weather. 

8th.  If  animals  shew  signs  of  fear  and  un- 
easiness, while  the  weather  is  exceedingly  calm 
and  close,  it  is  almost  certain  that  a  storm  will 
ensue.  The  barometer,  in  this  case,  falls  ex- 
ceedingly low  all  of  a  sudden. 

9th.  Indications  of  rain  not  being  far  distant, 
may  be  gathered  from  the  actions  of  various 
animals,  as  follows. 

When  birds  are  seen  more  employed  than 
usual  in  searching  among  their  feathers,  for  the 
small  insects  which  torment  them  ; 

When  those  which  are  accustomed  to  remain 
on  the  branches  of  trees,  retire  to  their  nests  ; 

When  the  sea-gulls,  and  other  aquatic  fowls, 
and  particularly  geese,  make  a  greater  noise  than 
usual  ; 

When  the  swallows  fly  very  low,  and  seem  to 
skim  over  the  surface  of  the  earth  ; 

When  pigeons  return  to  the  pigeon-house  be- 
fore their  accustomed  time  ; 

When  certain  fish,  such  as  the  porpoise,  sport 
at  the  surface  of  the  water  ; 

When  the  bees  do  not  quit  their  hives  j  or  fly 
only  to  a  very  short  distance  ; 

When  sheep  bound  in  an  extraordinary  man- 
ner, and  push  each  other  with  their  heads  ; 

When  asses  shake  their  ears,  or  are  very  much 
stung  by  the  flies  ; 

When  flies  and  gnats  sting  more  severely,  and 
are  more  troublesome  than  usual  ; 

When  a  great  number  of  worms  issue  from 
the  earth  ; 

Wheu  frogs  croak  more  than  usual  ; 
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Wbcii  cate  rûb  their  heads  with  their  fore- 
jpaws,  and  lick  the  rest  of  their  bodies  with  theif 
tOfigue;  f     * 

When  foxes  and  wolves  howl  violently  ; 

When  the  ants  quit  their  labour,  and  conceal 
themselves  in  the  earth  ; 

When  the  oxeni  lying  together,  frequently 
raise  their  heads,  and  lick  each  other^s  muzzles; 

When  the  cocks  crow  before  their  usual  hour  ; 

When  domestic  fowls  flock  together,  and 
squeeze  themselves  into  the  dust  ; 

When  toads  are  heard  crying  in  elevated 
places. 

loth.  During  the  time  of  rain,  if  any  small 
blue  space  of  the  heaven  be  observed,  one  may 
almost  be  assured  that  tlie  rain  will  not  be  of 
long  duration  :  this  sign  is  well  known  to  hunts- 
men. 

util.  Very  violent  storms,  when  accompanied 
with  earthquakes,  are  almost  always  preceded  by 
an  extraordinary  calm  in  the  air,  and  of  that 
alarming  kind  which  seems  the  silence  of  nature 
about  to  be  convulsed.  Animals,  more  sensible 
of  these  natural  indications  than  man,  are  fright- 
ened by  it,  and  hasten  to  their  retreats.^  Some- 
times a  hollow  subterranean  noise  '  is  heard. 
When  all  these  signs  are  united,  the  inha- 
bitants of  the  unfortunate  countries,  subject  to 
these  destructive  scourges,  ought  to  fly  from 
their  houses,  that  they  may  avoid  the  danger  of 
being  buried  under  their  ruins. 

We  shall  not  entertain  our  readers  with  the 
prolix  description  which  Ozanam,  or  his  con- 
tinuator,  here  gives  of  one  of  these  storms 
which  spread  devastation  throughout  the  king- 
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dom  of  Naples^  in  the  time  of  the  famous  queen 
Jean, 

1 2th.  An  English  navigator  says  he  observed 
that  an  aurora-borealis  was  always  followed,  in 
the  course  of  a  few  days,  with  a  violent  gale 
from  the  South-East  ;  and  he  gives  this  notice 
to  navigators,  about  to  enter  the  channel,  that 
they  may  be  upon  their  guard  *. 

PROBLEM  LIV. 

The  Phial  of  the  Elements. 

Some  philosophers  have  pretended  to  give  an 
idea  of  the  invariable  and  necessary  arrangement 
of  what  they  call  the  four  elements,  by  the  fol- 
lowing process. 

Take  glass,  or  black  enamel^  or  any  other 
vitreous  body,  reduced  to  powder,  to  represent 
the  earth. 

Water  will  be  represented  by  the  fixed  alkali 
of  tartar  per  deliquium,  otherwise  called  oil  of 
tartar. 

Air  may  be  represented  by  spirit  of  wine, 
slightly  tinctured  bUie  by  means  of  turnsole. 

And  fire  may  be  representeil  by  means  of  pe- 
troleum, highly  rectified,  to  which  a  light  red 
colour  has  been  communicateil  by  Brazil  wood. 

Having  prepared  these  four  matters,  pour  them 
into  a  long  narrow  glass  phial,  till  four-fifths  of 
it  are  filled  ;  taking  care  to  pour  nearly  an  equal 
quantity  of  each,  and  close  the  phial  herme- 
tically.    If  you  then  shake  the  phial,  the  whole 

*  See  Philos.  Transact,  vol.  LXV^  p.  i. 
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will  be  mixed  together  ;  but  as  soon  as  it  is  left 
at  rest,  the  four  différent  matters  will  separate 
from  each  other  :  the  pulverised  glass  or  enamel 
will  fall  to  the  bottom  ;  the  fixed  alkali  or  oil  of 
tartar  will  place  itself  above  it  ;  the  spirit  of  wine 
will  be  next  ;  and  last  of  all  the  petroleum,  ac- 
cording to  the  order  of  their  specific  gravities. 

,  REMARK. 

It  may  be  easily  seen  that  the  inventors  of 
this  pretended  representation  were  very  poor 
philosophers  ;  for  though  it  be  true,  in  general, 
that  earth  is  heavier  than  water,  water  than  air, 
and  the  latter  than  fire,  it  is  entirely  false  thai 
fire  occupies  the  upper  part,  as  a  very  intense 
cold  certainly  prevails  in  the  celestial  regions. 
Besides^  all  these  elements,  as  they  are  here 
called,  are  generally  mixed  together,  since  the 
hardest  stone  contains  a  third  of  water,  a  great 
number  of  times  its  volume  of  air,  and  more  or 
Jess  tire  according  to  its  temperature. 

PROBLEM   LV. 

t 

To  sepai^atc  txco  liquors^   which  have  been  mixed 

together. 

This  operation  is  merely  an  application  of  the 
property  of  capillary  tubes,  and  of  that  law  of 
nature  by  which  homogeneous  fluids,  when  near 
each  other,  unite  together.  This  is  observed  to 
be  the  case  with  two  drops  of  mercury,  or  water 
or  oil,  when  they  come  into  contact.  It  is  even 
probable,  that  before  they  are  in  contact,  they 
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lengthen  themselves,  and  mutually  approach  each 
other. 

However,  if  you  are  desirous  of  separating 
water,  for  example,  from  the  oil  with  which  it 
has  been  mixed,  take  a  bit  of  cloth  or  sponge, 
well  moistened  in  water,  and  place  it,  immersing 
it  by  one  end,  in  the  vessel  containing  the  liquors 
to  be  separated  :  the  other  end  must  be  made  to 
pass  over  the  edge  of  the  vessel,  and  to  hang 
down  much  lower  than  the  surface  of  the  liquor; 
this  end  will  soon  begin  to  drop,  and  in  this 
manner  will  attract  and  separate  all  the  water 
mixed  with  the  oil. 

If  it  be  required  to  draw  off  the  oil,  the  rag  or 
sponge  must  be  first  immersed  in  that  liquid. 

But  those  who  should  imagine  that  wine  or 
alcohol  can  be  separated  in  this  manner  from 
water,  would  be  deceived  :  in  order  that  the 
operation  may  succeed,  the  two  liquors  must  be 
nearly  immiscible  together,  otherwise  they  will 
both  pass  over  at  the  same  time.  This  process, 
therefore,  cannot  be  employed  for  separating 
water  from  wine,  though  it  has  been  given  in 
the  preceding  editions  of  the  ^Mathematical  and 
Philosophical  Recreations,  with  many  others 
equally  childish. 

The  colouring  part  of  the  wine  appears  indeed 
to  remain  behind,  because  it  is  less  attenuated 
than  the  phlegm  and  spirit  ;  but  in  reality  these 
two  liquors,  of  which  wine  essentially  consists^ 
are  not  separated  from  each  other. 
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PROBLEM    LVIr^ 

•  ft^hat  is  the  cause  of  the  Ebullition  of  TVater  f 

Though  this  question^  on  the  firstview,  may 
appear  as  of  little  importance,  it  deserves  to  be 
examined  ;  for  those  who  might  imagine  that  the 
bubbliilg  observed  in  water  which  boils,  is  the 
necessary  consequence  of  the  heat  it  receives, 
would  be  deceived.  That  the  contrary  is  the 
case  may  be  proved  by  the  following  experiment. 

Immerse,  with  the  necessaty  care,  any  vessel, 
such  as  a  bottle  filled  with  water,  for  example, 
into  a  kettle  containing  water  in  a  strong  state 
of  ebullition  ;  the.  water  in  the  bottle  will  not  fail 
to  assume,  in  a  short  time,  a  degree  of  heat  ab- 
solutely equal  to  that  of  the  water  which  boils  ; 
this  will  be  proved  by  means  of  a  thermometer, 
j^et  the  smallest  sign  of  ebullition  will  not  be 
observed  in  it. 

What  then'  is  the  cause  of  that  observed  jn 
the  water,  which  is  immediately  exposed  to  the 
action  of  the  fire  ? 

In  our  opinion,  the  boiling  up  is  the  effect  of 
portions  of  the  water,  which  touch  the  sides  of 
the  vessel,  suddenly  converted  into  vapour  by 
coming  into  contact  with  these  sides  ;  for  when 
a  vessel  rests  on  burning  coals,  its  bottom  tends 
to  receive  a  degree  of  heat  much  greater  than 
that  necessary  to  convert  immediately  into  va- 
pour a  drop  that  falls  upon  it.  The  pellicle'of 
water  which  touches  the  bottom  must,  therefore, 
be  continually  converted  into  vapour;  and  this 
indeed  is  the  case  ;  for  bubbles  of  an  elastic  fluid 
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are  continiially  $een  risjng  from  the  bottom^  an4 
these  bubbles,  carried  by  an  accelerfited  motiou 
:to  the  surface^  in  consequence  of  their  lightness^ 
produce  there  that  bubbling  which  constitutif 
ebullition^ 

But  the  water  contained  in  the  bQttle^  im- 
mersed in  the  boil'mg  liquid^  cannot  assume  n 
degree  of  heat    greater  than  that   of  boiling 
water  ;  because,  however  strong  the  cbullitiou 
may  be,   the  water  does  not  acquire  a  greater 
degree  of  heat.     On  the  other  hâ|id>  a  piece  of 
metal,  heated  only  to  the  degree  of  boiling  water, 
does  not  convert  the  water  which  it  touches  into 
vapour;    the  water  therefore  contained  in  the 
interior  vessel,  though  become  equally  warm, 
cannot  boil.     Such  is  the  explanation  or  the  two  , 
phenomena  ;  and  their  necessary  connection  with 
each  other,  as  well  as  with  the  assigned  cause^ 
proves  the  truth  of  that  cause. 

PROBXEM  LVII. 

fFhat  is  the  reason  that  the  bottom  <^  a  wssel^ 
which  contaim  water  in  a  high  state  of  ebullition, 
is  scarcely  warm  ? 

Before  we  attempted  to  enquire  into  the 
cause  of  this  phenomenon,  we  thought  it  pros- 
per first  *o  assure  ourselves  of  the  fact,  for  fear 
of  exposing  ourselves  to  ridicule,  like  those  who 
explain  in  so  ingenious  a  manner  the  pheno-» 
menon  of  the  child  in  Silesia  with  the  golden 
tooth  ;  a  phenomenon  however  which  was  only 
a  deception,  as  well  as  that  which  occurred  to  the 
marquis  of  Vardes,  explained  with  so  much  saga- 
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»  ^^    • 

city  by  Régîs;  and  which  however  was  the  trick 

'of  a  servant.  And  the  case  is  the  same  with 
-many  others,  which  ought  first  to  be  confirmed, 
•before  we- attempt  to  explain  them.  We  brought 
water  therefore  to  a  strong  state  of  ebullition, 
jn  an  iron  vessel^  and  having  touched  the  bot- 
tom of  it,  while  thé  water  was  boiling,  we  indeed 
found  that  it  had  but  a  very  moderate  heat  :  it 
-did  not  begin  to  be  burning  hot,  till  the  mo- 
ment when  the  ebullition  had  almost  ceased. 

In  our  opinion,  this  etFect  is  produced  in  the 
following  manner  :  we  have  already  shewn,  that 
the  ebullition  is  occasioned  by  the  pellicle  of 
water,  which  touches  the  bottom  of  the  vessel^ 
being  continually  converted  into  vapour.  This 
conversion  into  vapour  cannot  take  place,  with- 
out the  bottom  always  losing  some  of  that  heat, 
which  it  acquires  by  the  contact  of  the  coals  or 
fire.  But  during  the  interval  between  the  mo- 
ment when  the  vessel  is  taken  from  the  fire,  and 
that  M'hcn  it  is  touched,  as  no  new  igneous 
fluid  reaches  it,  though  it  still  continues  to  boil, 
it  is  probable  that  the  remainder  of  this  fluid  is 
absorbed  by  the  water  M'liich  touches  the  bot- 
tom, and  which  is  converted  into  vapour. 

Without  giving  this  explanation  as  absolutely 
demonstrative, -w^  are  strongly  inclined  to  think 
that  such  is  the  real  case  ;  and  Avhat  seems  to 
give  it  more  probability  is,  that  while  the  bot- 
tom of  the  vessel,  from  which  the  boiling  pro- 
ceeds, is  but  little  hot,  the  sides  have  the  heat  of 
boiling  water;  so  that  the  finger  would  be  burnt, 
were  it  kept  as  long  on  them  as  it  can  be  kept 
on  the  bottom.  But  no  sooner  has  the  boiling 
I  eased,  than  the  bottom  itself  receives  part  of 
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the  heat  of  the  water,  and  the  finger  cannot  then 
touch  it,  without  being  burnt. 

BEMARK. 

The  solution  of  the  following  little  problem 
depends,  in.  all  probability,  on  a  similar  cause. 

To  melt  lead  in  a  piece  of  paper. 

Wrap  up  a  very  smooth  ball  of  lead  in  a  piece 
of  paper,  taking  care  that  there  be  no  wrinkle? 
in  it,  and  that  it  be  every  where  in  contact  with 
the  ball  ;  if  it  be  held,  in  this  state,  over  the 
flame  of  a  taper,  the  lead  will  be  melted  without 
the  paper  being  burnt.  The  lead,  indeed,  when 
once  fused,  will  not  fail  in  a  short  time  to  pierce 
the  paper,  and  to  run  through. 


PROBLEM  LVIII. 


To  measure  the  moisture  and  dryness  of  the  air. 
Account  of  the  principal  hygrometers  invented 
for  that  purpose;  their  fault  s  y  and  htm  to  con- 
struct a  cmnparative  hygrometer. 

The  air  is  not  only  susceptible  of  acquiring 
tnore  or  less  heat,  but  also  of  becoming  more  or 
less  humid.  It  belongs  therefore  to  philosophy, 
to  measure  this  degree  of  moisture  ;  especially 
as  this  quality  of  the  air  has  a  g[reat  influence 
on  the  human  body,  on  vegetation^  and  many 
other  effects  of  nature. 

This  gave  rise  to  the  invention  of  the  hygro- 
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meter,  an  instrtwtient  proper  for  measuring  the 
humidity  of  the  air, 

.  But  it  must  be  allowed,  that  the  instruments 
hitherto  invented  for  this  purpose  do  not  give 
that  result  which  might  have  been  expected. 
Ve  have  hygrometers  itideed,  which  indicate 
that  the  air  has  acquired  more  or  less  moisture 
than  it  had  before  ;  but  they  are  not  comparative, 
that  is  to  say,  they  do  not  enable  us  to  compare 
the  moisturfB  of  one  day  or  place  with  that  of 
anothier  *.  It  is,  hotvever,  proper  that  we  should 
make  known  the  different  kinds  of  hygrometers, 
were  it  only  that  we  may  be  able  to  appreciate 
their  utility. 

Ï.  As  fir-Wood  is  highly  susceptible  of  par- 
ticipating in  thé  dryness  or  humidity  of  tlic  air, 
ah  idea  has  been  conceived  of  applying  this  pro- 
perty to  the  construction  of  a  hygrometer.  For 
this  purpose,  a  very  thin  small  fir  board  is  placed 
across  between  two  vertical  immoveable  pillars, 
so  that  the  fibres  stand  in  a  horizontal  direc- 
tion ;  for  it  is  in  the  lateral  direction,  or  that 
across  its  fibres,  that  fir  and  other  kinds  of  wood 
are  distended  by  moisture.  The  upper  edge  of 
the  board  ought  to  be  furnished  with  a  small 
rack,  fitted  into  a  pinion,  connected  with  a 
wheel,  and  the  latter  with  another  wheel  having 
on  its  axis  an  index.  It  may  be  easily  perceived, 
that  the  least  motion  communicated  by  the  up- 
per edge  of  the  board  to  the  rack,  by  its  rising 

•  This  is  not  altogether  correct.  M.  de  Luc  has  de- 
scribedj  in  the  Phihsc*phical  Transactions^  the  method  of 
constructing  a  hygrometer,  which  approaches  very  near  to 
what  might  be  desired  in  this  respect.  We  have  added  it 
to  this  article. 
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or  fallings  will  be  indicated  in  a  very  sensible 
mannerby  the  index;  consequently,  if  the  mo- 
tion of  the  index  be  regulated  in  such  a  man- 
ner, that  from  extreme  dryness  to  extren^ 
moisture  it  may  make  a  complete  revolution^  the 
divisions  of  this  circle  will  indicate  how  much 
the  present  state  of  the  atmosphere  is  distant 
from  either  of  these  extremes. 

This  invention  is  ingenious  ;  but  it  is  not  suf- 
ficient. The  wood  retains  its  moisture  a  long 
time  after  the  air  has  lost  that  wHh  which  it  is 
charged  ;  besides,  the  board  gradually  becomes 
less  sensible  to  the  impressions  of  the  air^  and 
therefore  produces  little  or  no  effect. 

II.  An  hygrometer  may  be  made  also  with 
the  beard  of  a  wild  oat,  fixed  on  a  small  column, 
placed  in  the  centre  of  a  round  box  :  the  other 
extremity  of  the  beard  passes  through  the  centre 
of  the  cover  of  the  box,  the  circumference  of 
which  is  divided  into  equal  parts;  in  the  last 
place  a  small  index,  made  or  paper,  is  adapted 
to  the  extremity  of  the  beard.  In  order  to  afford 
access  to  the  air,  it  is  necessary  that  the  sides  of 
the  box  should  be  open,  or  cut  into  holes. 

When  this  instrument  is  exposed  to  dryei*  or 
moister  air,  the  small  index,  by  turning  round, 
either  in  the  one  direction  or  the  other,  indicates 
the  state  of  the  atmosphere. 

But  this  hygrometer,  which  is  exceedingly 
sensible  at  first,  gradually  loses  this  property: 
consequently,  it  is  a  very  imperfect  instrument, 
as  well  as  the  following. 

III.  Suspend  a  small  circular  plate  by  a  fine 
string,  or  piece  of  catgut,  fastened  to  its  centre 
of  gravity  ;  and  let  the  other  end  of  the  string 
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be  attached  to  a  hook.  ^  According  as  the  air  i$ 
more  or  less  moist,  you  will  see  the  small  plate 
turn  round,  in  one.  direction  or  in  another.  Thi5 
small  machine  may  be  covered  by  a  bell-glass, 
to  prevent  its  being  deranged  by  the  agitation 
of  the  air  ;  but  the  bell  must  be  elevated  above 
the  base  on  which  it  is  placed,  that  the  air  may 
have  access  to  the  string. 

The  hygrometers  commonly  sold,  are  con- 
structed on  this  principle.  They  consist  of  a 
kind  of  box,  the  fore  part  of  wiiich  represents  an 
edifice  with  two  doors.  On  one  side  of  the 
metal  plate  which  turns  round,  stands  the  figure 
of  a  man  M'ith  an  umbrella,  to  defend  him  from 
the  rain  ;  and  on  the  other,  a  woman  with  a  fan. 
The  appearance  of  the  former  of  these  figures, 
indicates  damp,  and  that  of  the  other,  dry  wea- 
ther This  pretended  hygrometer  can  serve  for 
lio  other  purpose^  than  to  amuse  children  ;  the 
philosopher  must  observe,  that,  as  the  variations 
of  humidity  are  transmitted  to  this  instrument 
only  by  degrees,  it  will  indicate  moisture  or 
drouglit,  when  the  state  of  the  atmosphere  is 
quite  contrary. 

If  a  piece  of  cat-gut,  made  fast  at  one  extre- 
mity, be  conveyed  over  different  puHies,  as  A, 
B,  C,  D,  E,  F,  G,  &c,  pi.  4  fig.  27,  so  as  to 
make  several  turns,  backwards  and  forwards; 
and  if  a  weight  P,  be  suspended  from  the  other 
extremity,  it  may  be  easily  seen,  that  it  must 
rise  or  fall  in  a  more  sensible  manner,  in  conse- 
quence of.  the  moisture  or  dryness  of  the  air,  ac- 
cording as  the  number  of  the  turns  backwards  and 
fonvards  is  greater.  But  this  will  be  indicated 
better  if  an  index  II K,  turning  on  a  pivot  I, 
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and  placed  in  such  a  manner^  that  the  part  I  K 
shall  be  much  longer  than  I  H,  be  made  fast  to 
the  extremity  of  the  cord  H  :  the  slightest 
change  in  the  moisture  of  the  air,  will  be  ma- 
nifested by  the  point  K  of  the  index. 

V.  An  h)'grometer  may  be  constructed  also  ia 
the  following  manner.  Extend  a  cord,  five  or 
«ix  feet  in  length,  between  the  pegs  A  and  B,  pi. 
4  fig.  28,  and  suspend  froîu  the  middle  of  it  C, 
a  weight  P,  by  a  thread  P  C.  Jf  an  index  D  F, 
turning  on  the  pivot  E,  and  having  the  pait  EF 
much  longer  than  DE,  be  adapted  to  tlie  thread 
PC,  as  seen  at  D  ;  as  the  cord  ACB  will  be 
shortened  by  moisture  and  lengthened  by  drought, 
the  weight  P,  as  well  as  the  point  D,  will  rise  or 
fall,  and  consequently  make  the  index  pass  over 
a  certain  portion  of  the  arc  G  H,  the  divisions 
on  which  will  indicate  the  degree  of  moisture  or 
dryness. 

VI.  Put  into  the  scale  of  a  balance  any  salt 
that  attracts  the  moisture  of  the  air,  and  into 
the  other  a  weight,  in  exact  equilibrium  with  it. 
During  damp  weather,  the  scale  coutaining  the 
salt  will  si4ik  down,  and  thereby  indicate  that 
the  state  of  the  atmosphere  is  moist.  An  inricx^ 
to  poinj  oL't  the  different  degrees  of  drought  or 
moisture,  may  be  easily  adapted  to  it. 

This  instrument,  however,  is  worse  than  any  of 
the  re-it  ;  for  salt,  immersed  in  moist  air,  be* 
comes  charged  with  a  great  deal  of  humidity  ; 
but  loses  it  veiy  slowly  when  the  air  becomes 
dry  :  fixed  alkali  of  tartar  even  imbibes  moisture, 
till  it  falls  in  deliquiu:n  ;  that  is  to  say,  till  it  is 
reduced  to  a  licjuid  or  fiuid  state. 

\''IL  Music  also  may  be  employed  to  indicate 
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the  dryness  or  moisture  of  the  air,  Tlie  sound 
of  a  flute  is  higher  during  dry  than  during  moist 
weather.  If  a  piece  of  cat-gut  then,  extended 
between  two  bridges,  be  put  m  a  state  of  vibra- 
tion, it  will  emit  a  tone  with  which  a  tonometre 
must  be  brought  into  unison.  When  the  weather 
becomes  moister,  the  string  will  emit  a  lower 
sound  ;  and  the  contrary  will  be  the  case  when 
the  air  becomes  drier. 

VIII.  M.  de  Luc  of  Geneva,  to  whom  we  are 
indebted  for  an  excellent  work  on  thermometers 
and  barometers,  attempted  to  construct  a  com- 
parative hygrometer^  and  published  a  paper  on 
that  subject  in  the  Philosophical  Transactions* 
The  description  of  this  hygrometer  is  as  follows. 

It  has  a  great  resemblance  to  a  thermometer. 
The  first  and  principal  part  is  à  cylindric  reser* 
voir  of  ivory,  about  a^  inches  in  len^h^  the  cy- 
lindric cavity  of  which  is  ai  lines  m  diameter, 
and  the  thickness  4  or  ^^  of  a  line.  This  piece 
of  ivory  must  be  cut  from  about  the  middle  of 
an  elephant's  tooth,  both  in  regard  to  its  thick- 
ness and  length  ;  and  it  is  necessanr  that  the  ca- 
vity should  be  pierced  in  a  direction  parallel  to 
that  of  the  fibres.  A  representation  of  this  piece 
is  seen  fig.  29  no.  i  pi.  5,  where  it  is  denoted  by 
the  letters  ABC. 

The  second  piece  is  a  tube  of  turned  copper, 
one  end  of  which  fits  exactly  into  the  ivory  cy- 
linder, while  the  other  receives  into  its  cylindric 
cavity  a  glass  tube  of  about  a  quarter  of  a  line 
internal  diameter.  A  representation  of  it  is  seen 
fig.  29  no.  2. 

These  three  pieces  are  strongly  fixed  to  each 
other,  by  introducing  into  the  ivory  cylinder  the 
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end  of  the  copper  tube^  destined  to  fill  it,  having 
first  put  a  little  fish  glue  between  them.  To 
unite  these  parts  better  together,  the  neck  of  the 
ivory  cylinder  ought  to  be  surrounded  by  a 
virol  of  copper. 

A  glass  tube  of  about  30  inches  in  length,  and 
of  such  a  size  as  to  fit  into  the  same  cavity,  is 
also  introduced  into  it,  as  seen  fig.  29  no.  ^, 
which  represents  the  instrument  completely 
constructed. 

It  is  then  filled  with  mercury,  in  such  a  man- 
ner that  it  shall  rise  to  about  the  middle  of  the 
glass  tube^  and  the  ivory  reservoir  is  immersed 
in  water  ready  to  freeze,  taking  care  to  maintain 
it  at  that  temperature  for  several  hours  ;  for  the 
ivory  will  require  ten  or  twelve  before  it  absorbs 
all  the  moisture  it  is  capable  of  receiving.  As 
soon  as  this  reservoir  is  immersed  in  the  water, 
the  mercury  is  seen  to  rise^  at  first  veiy  quick,  and 
then  more  slowly,  until  it  at  length  remains 
stationary  towards  the  bottom  of  the  tube.  This 
place,  wnich  ought  to  be  some  inches  above  the 
insertion  of  the  glass  tube  into  the  copper  one, 
must  be  marked  o,  which  signifies  the  zero  of 
dryness,  or  the  greatest  humidity.  This  point, 
as  we  have  said^  must  be  some  inches  higher 
than  the  copper  tube  :  for  it  has  been  remarked, 
that  if  the  instrument  be  immersed  in  hot  water, 
the  mercury  falls  still  lower,  and  this  interval 
below  zero  is  left  for  the  purpose  of  marking 
these  divisions. 

We  must  here  acknowledge,  that  we  do  not 
properly  understand  how  M.  de  Luc  proceeds  in 
order  to  render  his  instrument  comparative; 
something,  in  our  opinion,  9tiU  remams  to  be 
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done  to  give  it  that  property.  We  must  there- 
fore refer  the  reader  to  the  original  memoir,  in 
the  Journal  de  Physique  of  the  abbé  Rozier,  for 
tjje  year  J  775.  It  will  be  sufficient  to  observe, 
that  this  hygrometer  is  very  sensible;  scarcely 
has  it  been  placed  in  air  more  or  less  humid, 
than  it  gives  indications  of  that  sensibility,  by 
the  rise  qr  fall  of  the  mercury  ;  but  it  requires, 
and  always  wtll  require,  to  be  accompanied  with 
a  thermometer  ;  for  the  same  degree  of  humidity 
has  a  greater  effect  on  it  during  warm  weather, 
than  during  cold  :  besides,  the  mercury  rises  or 
falls  independently  of  moisture,  merely  by  the 
effect  of  heat.  This  instrument,  therefore,  re- 
quires a  double  correction  ;  the  first  to  keep  aa 
account  of  the  dilatation  which  the  mercury  ex- 
periences by  heiit,  a  correction  which  will  be 
minus  whenever  the  heat  exceeds  the  term  of 
freezing  ;  the  second,  to  reduce  th^  effect  of  the 
moisture  observed,  to  what  it  would  have  been 
had  the  temperature  been  at  freezing. 

Jt  may  be  readily  conceived,  of  how  great  ad- 
vantage it  would  be,  in  regard  to  the  improve^ 
ment  of  this  hygrometer,  to  find  a  degree  of 
dryness,  or  of  less  humidity,  fixed  and  determina- 
ble in  cvcrv  countrv,  to  serve  as  a  second  fixed 
term,  like  that  of  water  reduced  to  the  tempera-^ 
tare  of  melting  ice,  namely  that  of  the  greatest 
humidity  :  this  would  tend  greatly  to  simplifv 
the  graduation  of  the  instrument,  which,  acconl- 
ing  to  the  method  of  M.  de  Luc,  appears  to 
us  to  be  complex,  and  uncertain.  But  this  is 
enough  on  the  present  subject,  respecting  which 
the  nature  of  our  Moik  will  not  permit  us  to 
enter  into  farther  details^ 
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PROBLEM    LIX. 

On  the  supposition  of  what  we  have  before  shacrt^ 
in  regard  to  the  tenuity  of  the  particles  of  light, 
and  their  great  velocity  ;  zvhat  loss  of  its  sub^ 
stance  may  the  sun  sustain,  in  a  determinate 
number  of  years  ? 

One  of  the  most  specious  objections  made  to 
the  Newtonian  theory  of  light,  is,  that  if  light 
consisted  of  a  continual  emanation  of  particles, 
thrown  off  from  luminous  bodies,  the  sun  would 
have  sustained  such  a  loss  of  his  substance,  that 
he  must  have  been  extinguished  or  annihilate!, 
since  the  time  at  which  he  is  commonly  suppos- 
ed to  have  been  created.  This  objection  we 
have  always  considered  as  of  little  weight  ;  and 
we  have  long  bt-en  convinced  that,  assuming  as 
basis  what  can  be  easily  proved  in  regard  to 
the  tenuity  of  the  particles  of  light,  and  their 
great  velocity,  a  very  probable  hypothesis  could 
be  formed,  from  which  it  might  be  shewn,  that 
no  sensible  diminution  could  have  taken  place  in 
the  sun,  during  the  course  of  the  6000  year's, 
which  he  is  commonly  supposed  to  have  existed. 

We  have  since  seen,  in  the  Philosophical  Trans- 
actions, a  similar  calculation  bv  Dr.  Horslev,  to 
«hew  the  frivolity  of  such  an  objection.  But  as 
there  are  different  methods  of  considering  the 
same  question,  ouf  reasoning  on  the  subject  is  as 
follows  :  it  lîas  nothing  in  common  with  that  of 
the  learned  Englishman,  but  the  prodigious  te- 
nuity of  the  particles  of  light. 

To   form    this    calculation,    we   sup}X).sc   and 
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require  it  may  be  granted,  that  at  each  instani* 
aneous  emanation  of  light  from  the  sun,  this 
luminary  projects  in  every  possible  direction  all 
the  particles  of  light  at  its  surface. 

We  require  it  may  be  granted  also,  that  thi& 
emanation  is  not  absolutely^ontinued,  but  com- 
posed of  a  multitude  of  instantaneous  emanations 
or  jets,  which  succeed  each  other  with  prodigious 
rapidity:  we  shall  suppose  that  there  are  10,000 
in  a  second.  As  the  retina  of  the  eye  preserves 
for  about  4  of  a  second  the  impression  it  receives, 
it  is  evident  that  the  imprecision  made  by  the  sun 
will  be  absolutely  continued  in  regard  to  us. 

We  shall  suppose  also,  what  is  alnK)st  proved^ 
that  the  diameter  of  a  particle  of  light  is  scarcely 
the  1 000000000000th  part  of  an  inch* 

According  to  these  suppositions,  it  is  evident 
that  the  sun,  at  each  emanation,  deprives  himself 
of  a  luminous  pellicle,  the  thickness  of  which  is 
as  before  stated  ;  consequently,  in  the  course  of 
a  second,  it  will  be  the  1 00000000th  part  of  an 
inch,  and  in  loooooooo  seconds  this  luminary 
therefore  will  have  lost  an  inch  in  thickness.  But 
1 00000000  seconds  are  nearly  three  years  :  iu 
three  years,  then,  the  sun  will  have  lost  only  an 
inch  in  thickness. 

Hence  it  appears,  that  in  the  course  of  3000 
vears,  this  loss  will  amount  to  1000  inches,  or 
IB34-  feet  in  depth  ;  and  during  the  6000  years, 
which  we  suppose  the  sun  to  have  existed,  it  will 
be  1664-.  Hence  it  follows,  that  before  the  sun 
can  lose  one  second  only  of  his  apparent  diameter, 
forty  millions  of  years  must  elapse  ;  for  the  di- 
minution of  a  second  in  the  apparent  diameter  of 
the  sun  corresponds  to  360000  yards  :  if  in  the 
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course  of  6000  years,  the  diminution  is  only  about 
54  yards  in  depth,  it  will  be  found,  by  the  rule 
of  proportion,  that  it  will  require  40  millions  of 
years  to  make  it  extend  to  tlie  depth  of  360000 
yards  in  thickness,  or  one  second  of  apparent  dia- 
meter. 

We  need  therefore  entertain  no  fear  of  the 
sun  becoming  extinct.  Our  children  and  grand 
children,  at  least,  are  secured  from  being  wit- 
nesses of  that  fatal  event. 

We  shall  here  add,  that  we  have  not  taken  the 
benefit  of  all  the  advantages  we  might  have  em^ 
ployed  ;  for  we  might  have  extended  this  period 
much  farther;  and  Dr.  Horsley  indeed  finds  a 
much  greater  interval  between  the  present  mo^ 
ment  and  the  final  consumption  of  the  sun.  But 
we  have  confined  ourselves  to  those  suppositions 
which  are  most  admissible. 

PROBLEM    LX. 


To  produce^  amidst  the  greatest  heat^  a  considerable 
degree  of  cold,  and  even  to  freeze  water.  On  or-- 
tificial  cangelations,  (Çt. 

It  is  a  very  singular  phenomenon,  and  highly 
worthy  of  admiration,  that  a  cold  far  exceeding 
that  of  winter  can  be  produced  even  in  the  middle 
of  summer  ;  and  what  adds  to  the  singularity  iSj 
that  this  production  of  cold  does  not  take  place 
unless  the  ingredients  employed  become  liquid. 
Sometimes  even  by  re-acting  on  each  other  they 
produce  a  strong  effervescence.  We  shall  first 
take  a  cursory  view  of  the  different  means  of  pro- 
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ducing  cold  ;  and  then  endeavour  to  give  some? 
explanation  of  the  phenomenon. 

I.  Take  water  cooled  only  to  the  temperature 
of  our  wells,  that  is  to  say,  to  lo  degrees  of  Reau-' 
iftnrs  thennometer,  and  for  every  pint  throw  into 
it  about  12  ounces  of  pulverised  sal  ammoniac; 
.this  Water  will  immediately  acquire  a  consider- 
able degree  of  cold,  and  even  equal  to  that  of 
congelation.  If  a  smaller  vessel  then  containing 
water  be  put  ipto  the  one  containing  this  mixture, 
the  Water  in  the  former  will  freeze,  either  entirely 
or  in  part.  If  it  freezes  only  in  part,  make  â 
mixture  iti  another  vessel,  similar  to  the  first,  and 
immerse  m  it  the  half-fiozen  water:  by  these 
means  it  will  be  entirely  congealed. 

if  you  employ  this  water  half  frozen,  or  at  least 
greatly  cooled  in  the  interior  vessel,  and  throw 
into  it  sal  ammoniac,  the  cold  produced  will  be  , 
much  more  considerable  :  a  cold  indeed  several 
degrees  below  that  of  ied  will  speedily  be  the 
result. 

If  this  mixture  be  made  in  a  flat  vessel  on  a 
table,  with  a  little  water  placed  between  them, 
the  ice  formed  below  Avill  make  the  vessel  adhere 
to  the  tabic. 

The  solution  of  the  salt  must  be  accelerated  as 
much  as  possible,  by  stirring  the  mixture  with  a 
stick  ;  for  the  speedier  the  solution,  the  greater 
will  be  the  cold. 

II.  Pulverise  ice,   and  for  one  part  of  it  mix 

,two  parts  of  marine  salt;  stir  well  the  mixture, 

and  a  cold  equal  to  that  of  the  severest  winter  will 

be  produced  in  the  middle  of  the  mass.     By  these 

'  means  Reaumur  was  able  to'produce  a  cold  13  de- 

grecs  below  congelation. 
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Saltpetre^  employed  in  the  same  quantity^  viU 

f  reduce  a  cdd  only  3  or  4  durées  below  freezing, 
t  is  a  mistake  therefore»  as  Reaumur  observes,  to 
imagine  tliat  saltpetre  produces  a  greater  effect 
than  marine  salt.  Saltpetre  is  employed  only 
because  it  is  cheaper  ;  and  besides,  when  artificial 
cold  is  applied  td  domestic  purposes,  it  is  not  ne- 
tessary  that  it  should  be  considerable. 

Instead  pf  saltpetre,  Alicant  soda,  or  the  ashes 
of  green  wood,  which  contain  an  equivalent  salt, 
might  be  employed  :  the  same  effect  would  be 
obtained^  and  at  a  much  less  expence. 

III.  A  cold  much  greater,  however,  than  any 
of  the  preceding,  may  be  produced  in  the  fbU 
lowing  manner.  Take  snow  and  well  concen- 
trated spirit  of  nitre,  both  cooled,  to  the  degree  of 
ice  ;  pour  tlxe  spirit  of  nitre  on  the  snoAV,  and  a 
cold  1 7  degrees  below  that  of  congelation  will  be 
immediately  excited. 

If  you  are  desirous  of  producing  a  cold  still 
more  considerable,  surround  the  snow  and  spirit 
of  nitre  with  ice  and  marine  salt;  which  will 
produce  a  cold  12  or  13  degrees  below  zero;  if 
you  then  employ  the  snow  and  spirit  of  nitre 
cooled  in  this  manner^  a  cold  equal  to  24  degrees 
below  zero  will  be  the  result.  This  cold  is  much 
greater  than  that  produced  by  Fahrenheit  ;  for  it 
did  not  exceed  8  degrees  of  his  thermometer  be- 
low zero,  which  amounts  to  17-}.  degrees  of  Kenu^ 
tflur,  below  the  same  term.  ?; 

But  this  is  nothing  in  comparison  of  what  the 
philosophers^  of  Petersburgh  peiformed^  towards 
the  end  of  the  year  ly^g*  Assisted  by  a  cold  of 
30  degrees  and  more^  they  coolefl  snow  and  spirit 
of  nitre  below  that  temperature,  and  by  these 

VOL.    IV.  Q 
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means  obtained  a  degree  of  cold  which,  reduced 
to  the  scale  of  Reaumur's  thermometer,  was  more 
than  170*  degrees  below  zero.  U  is  well  known 
that  at  this  term  mercury  freezes,  and  of  the 
consequences  of  this  experiment  we  have  spoken 
elsewhere. 

IV.  There  is  still  another  method  of  producing 
a  cold  superior  to  that  even  which  is  necessary 
to  freeze  water.  It  is  founded  on  a  very  singular 
property  of  evaporable  fluids.  Immerse  the  bulb 
of  a  thermometer  in  one  of  these  fluids,  such  as 
well  dephlegmated  spirit  of  wine,  and  then  swing 
it  backwards  and  forwards  in  the  air,  to  excite  a 
current  like  that  of  the  wind,  which  promotes  the 
evaporation  of  the  fluid  ;  you  will  soon  see  the 
thermometer  fall  :  by  employing  ether,  the  most 
evaporable  of  all  liquors,  you  may  even  make  the 
thermometer  fall  to  8  or  10  degrees  below  zero. 

Very  curious  things  might  be  said  in  regard  to 
this  property  of  evaporation  ;  but  to  enlarge  far- 
ther on  the  subject  would  lead  us  too  far.  We 
shall  therefore  only  observe,  that  this  method  of 
cooling  liquors  is  not  unknown  in  the  east.  Tra- 
vellers, who  arc  desirous  of  drinking  cool  liquor, 
put  their  water  into  jars  made  of  porous  earthen 
ware,  which  suffers  the  moisture  to  ooze  through 
it  These  vessels  are  suspended  on  the  sides  of  a 
camel,  in  such  a  manner  as  to  be  in  continual 
motion,  which  answers  the  same  purpose  as  if 
they  were  exposed  to  a  gentle  wind,  and  which 
causes  the  moisture  to  evaporate.  By  these  means 

*  This  number,  when  corrected,  ought  to  be  only  31^ 
below  water-freezing  on  Reaumur;  or  39,  thiat  is  71  below 
water-freezing,  on  Fahrenheit.  See  the  remark  at  the  end 
of  Problem  18. 
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the  remaining  liquor  is  so  much  cooled,  as  to  ap» 
proach  the  degree  of  congelation. 

We  shall  now  offer  a  few  observatiqns  oti  tha 
cause  of  these  singular  effects,  beginning  with 
the  means  explained  in  the  first  three  articles. 

When  ice  and  marine  salt,  or  spirit  of  nitre 
and  snow  very  much  cooled,  are  mixed  together, 
it  is  observed  that  cold  is  not  produced  unless 
these  substances  be  dissolved.  From  this  cir- 
cumstance there  is  reason  to  conjecture,  that  the 
mixture  absorbs  tlie  igneous  Quid  diffused  through- 
out the  surrounding  bodies,  or  those  surrounded 
by  the  mixture^  which  amounts  to  the  same  thing. 
The  melting  mixture  produces,  in  this  case,  the 
same  effect  as  a  dry  sponge  applied  to  a  moist 
body  :  as  long  as  it  is  merely  confined  around  it, 
no  change  will  take  place  in  it  ;  but  as  soon  as 
the  sponge  is  at  liberty  to  extend  itself  to  its  full 
volume,  it  will  absorb  a  considerable  part  of  the 
moisture  contained  in  that  body.  It  must  be 
confessed,  that  we  do  not  see  the  mechanism  by 
which  the  frigorifie  mixture  produces  the  same 
effect;  but  we  may  consider  the  above  comparl-  . 
son  as  capable  of  giving  some  idea  of  it. 

In  regard  to  the  reason  why  an  evaporable 
liquor  cools  the  bodies  from  which  it  evaporates, 
it  appears  that  the  most  probable  reason  is  the 
affinity  which  that  liquor  has  to  fire;  so  that 
^ch  of  its  moleculs,  in  flying  off,  carries  with  it 
some  of  those  of  the  fire  contained  in  that  body. 
But  how  comes  it  that  these  molecute  of  the.  eva- 
porable liquor  do  not  combine  rather  with  the  fire 
which  the  aif  can  furnish  to  it,  and  with  which 
that  element  seems  to  have  less  adhesion  than  to 
solid  bodies^  since  it  cools  more  readily?    This 
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question  we  cannot  answer;  but  we  give  tbe 
above  explanation  merely  as  a  coiyecturc,  which 
Ire  have  not  had  leisure  fully  to  examine. 

.•.■4 

REMARK. 

In  addition  to  what  has  been  given  on  thb  sub- 
ject by  Montucla^^  we  «hall  here  observe^  that  tha 
best  experiments  yet  made  known  on  frigoritic 
.mixtures,  without  the  aid  of  snow,  are  those  of 
Mr,  Walker,  of  Oxford  :  some  of  these  are  as 
follows  : 

•Take  strong  fuming  nitrous  acid,  diluted  with 
water  (rain  or  distilled  water  is  best),  in  the  pro- 
portion of  2  parts  in  weight  of  the  former  to  one 
of  the  latter,  well  mixed  and  cooled  to  the  tem- 
perature of  the  air,  3  parts;  of  Glauber's  salts  4 
parts  ;  of  nitrous  ammoniac  34  parts,*  each  by 
weight,  and  reduced  separately  to  fine  powder, 
•The  Glauber's  salt  is  to  be  first  added  to  the  di- 
luted acid  ;  the  mixture  must  then  be  well  stirred, 
and  the  powdered  nitrous  ammoniac  is  imme- 
diately to  be  introduced,  stirring  the  mixture 
again.  The  salts  should  be  procured  as  dry  and 
transparent  as  possible,  and  are  to  be  used  newly 
powdered. 

These  are  the  best  proportions,  when  the  com- 
mon temperature  is  50°.  According  as  the  tem- 
perature, at  setting  out,  is  higher  or  loAver,  the 
quantity  of  dilutecl  acid  must  be  proportionably 
diminished  or  increased.  This  mixture  is  little 
inferior  to  one  made  by  dissolving  snow  in  nitrous 

^.A  powder  composed  of  sal  ammoniac  5  parts,  and 
nitre  4  parts,  mixed  together,  may  be  substituted  for  the 
nitrous  ammoniac. 
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ai:id  ;  for  it  sunk  the  thermometer  from  3a®  to 
iio*"  ;  that  is  in  all  52^. .  In  this  experiment  4 
parts  diluted  acid  were  used. 

Crystallized  nitrous  ammoniac^  reduced  to  very 
;fine  powder,  sunk  the  thermometer,  during  its 
^solution  in  rain  water,  from  56^  to  8^;  when 
.evaporated  gently  to  dryness,  and  finely  powder- 
ed, it  sunk  the  thermometer  to  49®.  Mr.  Walker 
has  frequently  produced  ice  by  a  solution  in 
water  of  this  salt  alone,  when  the  thermometer 
stood  at  70"^.  If  an  equal  weight  of  mineral  al- 
kali, finely  powdered,  be  added  to  the  mixture, 
tlic  temperature  will  be  lowered  10  or  11®  more.  • 

As  it  is  evident  that  artificial  frigorifie  mixtures 
may  be  applied  to  domestic  purposes,  in  hot  cli- 
mates, especially  where  the  inhabitants  can  scarce- 
]y  distinguish  summer  from  winter,  by  the  sense 
of  feeling,  it  may  not  be  amiss  to  give  a  few  hints 
respecting  the  easiest  method  of  using  them. 

In  n.;Ost  cases,  the  following  cheap  one  may  be 
suflScient  :  Take  any  quantity  of  strong  vitriolic 
acid,  diluted  with  an  equal  weight  of  water,  and 
cooled  to  the  temperature  of  the  air,  and  add  to 
it  an  equal  weight  of  Glauber's  salt,  in  powder. 
This  is  the  proportion  when  the  temperature,  set 
.out  with,  is  50®  ;  and  will  sink  the  thermometer 
to  59  ;  if  the  temperature  be  higher  than  50^,  the 
quantity  of  salt  must  be  proportionally  increased. 

The  obvious  and  best  method  of  ascertaining 
the  quantity  of  any  salt,  necessary  to  produce  the 
greatest  effect  by  solution,  in  any  liquid,  at  any 
given  temperature,  is  to  add  the  salt  gradually, 
till  the  thermometer  ceases  to  sink,  stirring  the 
mixture  all  the  time.  .  If  a  more  intense  cold  be 
reqiiired,  double  aqua-fortis,  •  as  it  is  called,  may 
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be  used.  Glauber's  salt,  in  powder,  added,  will 
produce  very  nearly  as  much  cold  as  when  added 
to  diluted  nitrous  acid.  A  somewhat  greater 
quantity  of  the  salt  is  required.  At  the  temper- 
ature of  50^,  about  3  parts  of  the  salt,  to  2  of  the 
acid,  will  sink  the  thermometer  from  that  tem- 
perature to  nearly  o®  ;  and  the  consequence  of 
more  salt  being  added  is,  that  it  retains  the  cold 
rather  longer.  This  mixture  has  one  great  ad- 
vantaj^fe  in  its  favour  :  ,it  saves  time  and  trouble. 
A  Uttle  water  in  a  phial  immersed  in  a  tea  cup 
full  of  this  mixture,  will  he  soon  frozen,  even  in 
summer;  and  if  the  salt  be  added  in  crystals,  not 
pounded,  to  double  aqua-fortis,  though  in  a  warm 
temperature,  the  cold  produced  will  he  sufficient 
to  freeze  water  or  cream  ;  but  if  diluted  with  one 
fifth  of  its  weight  of  water,  and  cooled,  it  will  be 
nearly  equal  to  the  diluted  nitrous  acid  before 
mentioned,  and  will  require  the  same  proportion 
of  the  salt. 

A  mixture  of  Glauber's  salt  and  diluted  nitrous 
acid,  sunk  the  thermometer  from  70^  the  tem- 
perature of  the  air  and  ingredients,  to  10^, 

The  cold  in  any  of  these  mixtures  may  be  kept 
up  a  long  time,  by  occasionally  adding  the  ingre- 
dients in  the  proportions  indicated. 

Take  equal  parts  of  sal  ammoniac  and  nitre,  in 
powder;  and  cool  them,  by  immersing  the  vessel 
which  contains  them  in  pump  water  newly  drawn, 
its  temperature  being  generally  50^  On  three 
ounces  of  this  powder  pour  four  ounces,  wine 
measure,  of  pump  water,  at  the  above  tempera- 
tuie,  and  stir  the  mixture;  its  temperature  will 
be  reduced  to  I4^  and  consequently  it  will  soon 
freeze  the  contents  of  any  small  vessel  immersed 
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in  it.  The  cold  may  be  continually  kept  up 
and  regulated,  for  any  period  of  time,  by  occa- 
sionally pouring  off  the  clear  saturated  liquor, 
and  adding  more  water  ;  taking  èare  to  supply  it 
constantly  with  as  much  of  the  powder  as  it  can 
dibsolve.  This  is  a  convenient  mixture  ;  for  if 
the  solution  be  afterwards  evaporated  to  dryness 
in  an  earthen  vessel,  and  reduced  to  powder,  it 
will  answer  the  purpose  as  well  as  at  first  ;  as  its 
power  does  not  seem  to  be  lessened  by  being  re- 
peatedly treated  in  this  manner. 

All  the  ingredients  employed  by  Mr,  Walker 
being  taken  at  the  temperature  of  50**,  the  fol- 
lowing table  will  exhibit  the  result  of  a  great 
many  experiments  : 

Temperature. 

♦  Sal  ammoniac  5,  nitre  5,  water  16  parts         -         -         10'' 
Do.  — — 5,  do.  à,  Glaubers  saJt  8,  water  16         -      4 

*  Nitronfl  ammoniac  1,  water  1         -         ...        4 
Do.  ■  1,  soda  I,  water  1         -         -        -      7 

t    Glaubers  salt  S,  dilute  nit.  acid  2        -         -        -  3 

Glaubers  salt  6,  sal  ammon.  4,  nitre  2,  dilute  nit.  acid  4  10 
Do.  -  6,  nitrous  ammoniac  5,  dilute  nit.  acid  4-14 

Phosphorated  soda  9>  dilute  nit.  acid  4  -  12 

X)o. 9,  nitrous  ammon.  6«  dilute  nit.  add  4  21 

f    Glaubers  salt  8»  marine  acid  5        -         -        -         -        0 
j.    Do.  ■■■■  5,  dilute  vitriolic  acid  4     -        -        -       S    ' 

» 

The  salts  marked  thus  (*)  may  be  recovered 
by  evaporating  the  mixture,  and  may  be  used 
again  repeatedly  ;  those  marked  thus  (f)  may  be 
recovered  for  use  by  distillation  and  crystalliza- 
tion :  the  dilute  nit.  acid  was  red  fuming  nitrous 
acid  z  parts,  rain  water  i  part  :  the  dilute  vit. 
acid  was  strong"  vitriolic  acid  and  rain  water, 
equal  parts.  ^ 

By  a  judicious  management   frigorifie  xgoii;^ 
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ture8>  with  the  aid  of  snow  or  pounded  ice,  mep? 
cury  even  may  be  frozen  into  a  çolid  mass.  Mr. 
Walker  immersed  a  half  pint  glass  tumbler  con- 
taining equal  parts  of  vitriolic  acid,  the  specific 
gravity  of  which  was  1*5596^  and  strong  fuming 
nitrous  acid,  in  mixtures  of  nitrous  acid  ana 
snow^  until  the  mixed  acids  in  the  tumbler  were 
reduced  to  — 30®  ;  he  then  gradually  added 
$now,  which^  had  been  also  previously  cooled  in 
a  frigorifie  mixture  to  — 15®,  to  the  mixture  in 
the  tumbler,  stirring  the  whole,  and  found, 
after  some  minutes,  tnat  the  mercury  in  a  ther- 
mometer immersed  in  the  fluid  had  become 
congealed  or  frozen. 

Quicksilver  may  be  congealed  by  adding 
newly  fallen  snow  to  strong  fuming  nitrous 
acid,  previously  cooled  to  between  --35^  and 
7—30^,  which  may  be  easily  and  speedily  eifected 
byimmersing  the  vessel  containing  the  acid  in  a 
mixture  of  snow  and  nitrous  acid. 

But  the  most  powerful  frigorifie  mixture  yet 
discovered,  is  produced  by  equal  parts  of  muriate 
of  lime  and  snow.  An  account  of  a  very  re- 
markable experiment  of  this  kind  is  given  in 
TillocKs  Philosophical  Magazine  Vol.  III.  It 
was  performed  by  Messrs.  Pepys  and  Allen.  Into 
a  mixture  of  equal  parts  of  muriate  of  lime  at 
33^,  and  snow  at  32^,  a  bladder  containing  no 
less  than  56  pounds  of  mercury  was  immersed, 
after  the  mixture  had  liquified  by  stirring,  and 
when  its  temperature  was  found  to  be— -42°;  as 
soon  as  the  cold  mixture  had  deprived  the  mer- 
cury of  so  much  of  its  heat  that  its  own  temper- 
ature was  raised  from  — 42**  to  +  5°,  the  mer- 
cury was  taken  from  it,  and  put  into  another 
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fresh  mixture^  the  same  in  every  respect  as  thp 
first. 

In  the  mean  time^  the  muriate  of  lime  wa^ 
kept  cooling,  by  immersing  the  vessel  which 
contained  it  into  a  mixture  of  the  same  ingredi- 
ents :  5  pounds  of  the  muriate  were,  by  these 
means,  reduced  to  — 15^;  a  mixture  being  made 
of  tliis  muriate  and  snow,  at  the  temperature  of 
32®,  in  the  course  of  three  minutes,  it  gave  a 
temperature  of  T-62^  or  94^  below  the  freezing 
point  of  water. 

The  mercury  reduced  to  — 30^  by  immersion 
in  the  second  mixture,  and  suspended  in  a  net, 
was  put  into  the  new  made  mixture,  and  the 
whole  was  covered  Mrith  a  cloth  to  impede  the 
passage  of  heat  from  the  surrounding  atmo- 
sphere. After  an  hour  and  40  minutes,  the  56 
pounds  of  mercury  were  found  solid  and  fixed. 
The  temperature  of  the  mixture,  at  this  time, 
was  -^46?  ;  that  is  16^  higher  than  when  the 
mercury  was  put  into  it. 

Several  of  those  who  were  present-at  this  ex- 
periment having,  without  attending  to  the  con- 
sequences, taken  pieces  of  the  frozen  mercury' 
into  their  hands,  experienced  a  painful  sensa- 
tion, which  they  could  compare  to  nothing  but 
that  produced  oy  a  bum  or  a  scaldy  or  by  a 
wound  inflicted  with  a  rough  edged  instrument. 
The  parts  of  the  hand  which  were  in  contact 
with  the  metal  lost  all  sensation,  and  became 
white,  and  to  appearance  dead  ;  a  phenomenoti 
which  alarmed  the  sufferers  nota  little:  however, 
soon  throwing  away  the  pieces  from  them,  as 
tlïcy  would  have  done  hot  coals,  the  injury 
scarcely  penetrated  the  skin;  and  in  a  little 
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time  the  parts,  l^y  friction,  resumed  their  usual 
sensation  and  colour. 

PROBL£M  LXI. 

To  cause  water  to/reeze,  by  only  shaking  the  vessel 

which  contains  it. 

During  very  cold  weather,  put  water  into  a 
close  vessel,  and  deposit  it  in  a  place  where  it  will 
experience  no  commotion  :  in  this  manner  it  will 
often  acquire  a  degree  of  cold,  superior  to  that 
of  ice,  but  without  freezing.  If  the  vessel  how- 
ever be  agitated  ever  so  little,  or  if  you  give  it  a 
slight  blow,  the  water  will  immediately  freeze 
•with  singular  rapidity.  This  will  be  the  case,  in 
particular,  when  the  water  is  in  vacuo. 

This  phenomenon  is  exceedingly  curious  ;  but 
in  our  opirtion,  it  is  susceptible  of  an  explana- 
tion whicli  must  appear  highly  probable  to  those 
acquainted  wifh  the  phenomena  of  congelation. 
Water  does    not   congeal    unless    its    moleculte 
assume  a  new  arrangemci.t  among  themselves. 
When   water  cools,  at  perfect  rest,   its  moleculie 
approach  each  ether,  and  the  fluid  which  keeps 
it  in  fusion  gn^dually  escapes  ;    but  something 
more  is  necessary  to  determine  the  moleculce  to 
arrange  themselves  in  a  difierent  manner,  under 
angles  of  60  or  120  degrees.     This  determina- 
tion   they  receive  by  the  shock   given   to   the 
vessel  ;  they  were  in  equilibrio  ;  the  shock  de- 
stroys that  equilibrium,  and  they  fall  one  upon 
another,    forming   themselves  into  groupes,    in 
such  a  manner  as  their  approach  to  each  other 
requires. 
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Another  phenomenon  of  congelation  is  as 
follows.  If  you  boil  water,  and  then  expose  it 
to  the  frost,  close  to  an  equal  quantity  of  un^ 
boiled  water,  the  former  will  freeze  sooner  thaa 
the  latter. 

This  is  a  fact  proved  by  experiments,  made  at 
Edinburgh,  by  Dr.  lîlack  ;  and,  in  our  opinion, 
may  be  easily  explained  :  as  congelation  is  occa- 
sioned by  the  moleculae  of  the  water  approachhig 
each  other  :  it  must  congeal  the  sooner,  if  these 
nioleculse,  before  being  exposed  to  the  frost,  are 
already  closer.  But  water  which  has  boiled  pos- 
sesses, in  this  respect,  an  advantage  over  that 
which  has  not  boiled  ;  for  the  effect  of  boiling 
is  to  deprive  it  of  a  great  deal  of  its  combhied 
air  :  these  moleculse  then,  cœtcris  paribus,  must 
arrive  sooner  at  the  term  of  proximity,  at  which 
they  adhere  to  each  other,  and  form  a  solid 
body.  We  are  convinced,  that  for  the  same 
reason,  water  impregnated  by  artificial  means 
with  air,  would  be  longer  in  freezing  than  com- 
mon water. 

PROBLEM  LXir. 

Of  the  ft gu  re  observed  sometimes  in  snow  :  Explih^ 

nation  of  that  phenomenon. 

It  often  happens,  and  it  has  long  been  re- 
inarked  with  admiration,  that  the  small  flakes  of 
Snow  have  a  regular  figure.  Such  is  the  case,  in 
particular,  when  the  snow  falls  gently,  and  in 
very  small  flakes.  This  figure  is  hexagonal  or 
stellated  :  sometimes  it  is  a  plain  star  with  six 
radii  ;  at  other  times  the  star  is  more  complex. 
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and  resembles  a  cross  of  Malta,  having  six  saKent 
and  six  re-entering  angles.  It  sometimes  happen^ 
that  each  branch  presents  ramifications,  like  the 
barbs  of  a  feather  ;  but  it  would  be  too  tedious 
to  describe  them  all.  We  shall  therefore  confine 
jowrselves  to  a  representation  of  the  most  re- 
markable, as  seen  pi.  5  tig.  30  n®.  i,  a,  3^  4. 

This  phenomenon  has  always  occasioned  great 
embarrassment  to  philosophers,  since  the  time  of 
Descartes  and  Kepler,  who  seem  to  have  been 
the  first  who  remarked  it.  Bartholin  vnote  a 
dissertation  De  Figura  nivis  hexangula,  in  which 
he  reasons  very  badly  on  the  subject.  It  was 
indeed  difticult  to  reason  justly  on  it*,  until  M. 
de  Mai^an  observed,  as  he  did  with  great  saga- 
city, the  phenomena  of  congelation,  and  until 
chemistry  had  discovered  those  of  the  crystalliz- 
ation of  bodieç,  when  they  pass  from  a  fluid  to 
a  solid  state. 

Chemistry  indccjd  has  taught  us  that  all 
bodies,  the  elements  of  which,  floating  in  a 
fluid,  calmly  ap|)roach  each  other,  assume  re- 
gular and  characteristic  figures.  Thus  sulphur, 
when  it  becomes  fixed,  forms  long  needles  : 
rc<>alu5  of  antimonv  has  on  its  surface  the 
figure  of  a  star.  Salt?,  when  they  crystallize 
slowly,  assume  regular  figures  also.  JMarine  salt 
farms  eul)e8,  alum  oetaedra,  gypsum  a  kind  of 
M'edges  regularly  irregular,  the  laminae  of  which 
break  into  triangles  of  determinate  angles;  cal- 
careous   spur,    called   Icclandie   Cri/stal,    forms 

*  We  Çiwà  however  that  Gassendi  referred  the  regular 
figure  of  snow  to  crystallization.  See  ad  Diog.  Laert. 
Not.  opp.  vol.  L  p.  577. 
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oblique    parallelopipeda    under    invariable    aur 
gles;  &c. 

On  the  other  hand,  M.  de  Mairan,  while  ob-- 
serving  the  progress  of  congelation,  saw  that  the 
small  needles  of  ice,  which  are  formed,  are  im-  • 
planted  one  into  the  other,  at  regular  and  deter- 
minate angles,  which  are  always  60  or  120 
degrees.  , 

Whoever  is  acquainted  with  these  phenomenal, 
will  see  nothing  in  ice  and  snow  but  a  crystal*- 
lization  of  water,  condensed  in  cold  air;  one  par- 
ticle of  frozen  water  meets  another,  and  unites 
witli  it,  at  an  angle  of  60  degrees  ;  a  third  is 
added,  and  is  tletermined  by  the  action  of  the 
point  of  the  first  angle,  to  unite  itself  in  tl^B^ 
same  manner,  &c.  This  is  the  simplest  of  the 
stars  of  snow,  and  is  represented  by  n**.  i. 

If  new  needles  of  ice  are  added,  which  will 
for  the  most  part  be  the  case,  they  must  place 
themselves  on  the  first  radii,  either  by  making; 
an  obtuse  or  an  acute  angle  towards  the  centre/ 
In  the  fii-st  case,  the  result  will  be  a  star,  the- 
radii  of  which  have  a  kind  of  barbs  like  a  fear 
ther,   as  in  n^.  2,  or  like  a  star,  as.  n^.  3.     Tlie 
last  arrangement  however  is  rare,  and  that  <rf 
B^.    a  is  more  common.     Some  are  also  seen, 
though  in'  less  number,  much  more   complex  ; 
but   whatever  may  be  their  con)ppsition,    their 
elements  are  always  angles  of  60  or  120  degrees* 

M.  Lulolf  of  Berlin  conjectured,  that  these 
figures  were  occasioned  by  the  sal  ammoniac,  or 
rather  volatile  alkali,  with  which  snow  is  inv- 
pregnated:  and,  in  support  of  this  idea,  he 
mentions  a  very  pretty  experiment.  Having 
exposed  some  water  to  freeze  near  thp  common* 
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• 

justice,  by  the  Abbé  Para  du  Phanjaâ,  who  had 
recourse  therefore^  in  this  case,  to  several  capi)^ 
lary  tubes,  unitiog  in  one; 

Another  remedy  consists  in  making  the  cali- 
bre of  the  discharging  pipe  capillary,  through-^ 
out  its  whole  length,  and  proportionally  wide  in 
a  horizontal  direction,  in  order  that  it  may  have 
the  same  surface,  and  that  the  same  quantity  of 
water  may  flow  through  it  By  these  means  the 
discharging  pipe,  though  single,  will  perform  its 
office^  ' 

It  is  proper  also  that  the  orifice  F,  of  the 
branch  G  F,  should  be  cut  as  seen  No,  3,  in  order 
to  facilitate  the  introduction  of  air  into  the  sy- 
phon,  when  the  surface  of  the  water  shall  havie 
fallen  to  F.  This  however  we  do  not  think  es-^ 
sentiaL 

FROBLBJd  tXlV. 

To  comtruct  a  fountain  which  shall  flora)  and  stop 
a  certain  7mmher  of  times  successively  ;  and 
ivhich  shall  then  stopj  for  a  longer  or  shorter 
period,  and  afterwards  resume  its  intermitting 
course;  and  so  on. 

The  solution  of  this  problem  depends  dn  à 
very  ingenious  combination  of  two  intermittent 
fountains,  similar  to  the  preceding.  Let  us  sup- 
pose a  similar  fountain,  the  periodical  flowing  of 
which  is  exceedingly  quick,  that  is  to  say  2  or  3 
minutes,  and  its  intermission  the  same,  making 
altogether  an  interval  of  4  or  5  minutes  :  let  this 
fountain  be  fed  by  another  intermittent  fountain, 
placed  above  it,  the  duration  of  the  flowing  of 
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Which  is  au  hour,  and  the  intermittence  2,  or  3 
Or  4  :  it  will  thence  follow,  that  the  lower  one 
wlU  famish  water  only  while  the  upper  one  sup- 
plies it  ;  that  is  to  say,  during  an  hour;^and  in 
the  course  of  this  hour  the  lower  fountain  will 
have  I  a  or  15  periods  of  flowing,  interrupted  by 
as  many  periods  of  cessation  ;  after  which  time^ 
as  the  fountain  or  pipe  E  of  fig.  31,  will  not 
famish  more  water  for  two  of  three  hours,  the 
lower  fountain  will  absolutely  cease  for  one  or 
two  or  three  hours.  Here  then  we  have  a  foun- 
tain which  will  be  doubly  intermittent,  as  it  will 
remain  a  considerable  time  without  flowing»  and 
when  it  flows  it  will  be  intermittent. 

J.  With  three  fountains  of  this  kind,  com- 
bined together^  periods  of  flowing  and  inter- 
mission, so  singular  as  to  appear  almost  inex- 
plicable, might  be  produced.  But  it  may  be 
feadily  conceived,  that  they  would  all  depend 
im  the  0ame  principle. 

IL  By  means  of  these  principles,  a  fountain 
(0  flow  continually,  but  which  should  become 
larger  and  decrease  alternately,  might  be  easily 
Constracted.  Nodiing  would  be  necessary  for 
this  purpose,  but  to  combine  with  the  fountain 
of  the  preceding  problemi  a  continued  fountain  : 
it  is  evident  tmit  it  would  become  larger,  when 
the  watSt^^Ajwed  through  the  syphon  t  G I  ;  and 
that  when  it  stopped^  it  would  assume  its  usual 
state. 

If  this  continued  fountain  were  combined  with 
Jthe  double  intermittent  one  of  ttus^problem^  the 

VOL,  IV.  H 
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result  would  be  a  fountain  uniform  and  con- 
tinued for  several  hours  of  the  day,  and  which 
would  afterwards  become  larger  and  decrease  al- 
ternately for  an  hour. 

PIIOBLKM   Lxv* 

Construction  of  a  fountain  which  shall  cease  to 
flaw  when  water  is  poured  into  it  ;'  and  shall  not 
begin  tojlow  again  till  some  time  after. 

For  this  purpose,  we  must  suppose  a  very  close 
reservoir,  half  filled  with  water,  as  A  B  C  D,  pi.  6, 
fig.  32^  having  a  discharging  pipe  £,  some  lines 
only  in  diameter.  This  reservoir  forms  part  of 
another  vessel  H  B  F  D,  in  which  it  is  placed  ; 
and  a  portion  of  the  vessel  H  G  F  remains  empty  : 
I K  is  a  pipe  which  proceeds  from  the  top  ot  the 
interior  reservoir,  nearly  to  the  bottom  of  the 
vessel  F  D  ;  the  upper  part  of  the  vessel  is  fur- 
nished with  a  rim,  so  as  to  resemble  a  cup,  and 
.the  part  H  G,  is  pierced  with  a  number  of  small 
holes  ;  some  moss,  with  coarse  sand,  or  even 
grass,  must,  be  put  into  this  cup^  but  in  such  a 
manner,  that  the  air  may  have  access  througli 
the  bottom  H  G,  into  the  cavity  H  C. 

These  tilings  being  supposed  ;  let  the  small  re- 
servoir be  half  filled  with  water,  which  will  flow 
out  through  the  discharging  pipe  E  ;  if  water  be 
then  poured  into  the  cup  at  the  top,  it  will  fall 
into  the  lateral  reservoir  H  C.  and  close  the  aper- 
ture K  of  the  pipe  KI.  This  aperture  being 
closed,  the  air  contained  in  that  part  above  the 
interior  reservoir,  can  no  longer  expand  itself: 
the  watçr  flowing  through  :£  will  fall  at  first 
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slowly,  and  at  length  stop.  But  if  a  small  pipe 
be  inserted  in  the  corner  F,  to  afford  a  passage 
to  the  water  which  has  fallen  into  the  reservoir 
HCy  when  this  water  is  discharged,  that  at  £ 
will  again  begin  to  flow. 

If  water  be  )X)ured  incessantly  into  the  cup 
H  G,  and  if  its  escape  at  F  be  concealed,  this 
machine  will  excite  great  astonishment,  as  it 
will  seem  to  flow  only  when  no  more  water  is 
poured  into  it. 

This  machine  might  be  constructed  in  the 
figure  of  a  rock,  with  a  fountain  issuing  from 
the  bottom  of  it  ;  and  the  upper  part  might  re- 
present a  meadow,  or  forest,  &c.  On  pouring 
water  over  it  from  a  watering  pot,  to  represent 
rain,  the  small  fountain  would  be  seen  to  stop, 
and  to  continue  in  that  state  as  long  as  water 
was  poured  over  it  The  use  to  which  this  idea 
might  be  applied  will  be  seen  hereafter. 

PROBLEM  LXVI. 

To  construct  a  fountain  which,  after  flawing  some 
time,  shall  then  sink  dawn  to  a  certain  point  ; 
then  rise  again  ;  and  so  on  alternately. 

Though  we  have  not  found  any  thing  satis^ 
factory  on  this  subject,  it  is  nevertheless  possi- 
ble ;  for  we  shall  mention  hereafter  some  in- 
stances of  fountains,  the  basons  of  which  exhibit 
this  phenomenon.  We  shall  therefore  content 
ourselves  for  the  present  with  having  proposed 
tlie  problem  to  our  readers. 
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REMARKS.  ■  , 

Containing  the  history  and  phenomena  of  thepri^ 
cipal  intermittent  fountains  knaam^  as  well  as'vf 
some  lakes  and  xvells  which  have  similar  proper- 
ties.   History  of  the  famous  lake  of  Tschimiti:^. 

In  the  preceding  problems  we  haVe  explained 
the  principles  of  the  phenomena  exhibited  by  i 
great  number  of  fountains,  or  collections  of  wa- 
ter, the  properties  of  which  have  at  all  times  fur- 
nished matter  of  reflection  to  philosophers,  and 
been  a  subject  of  admiration  to  the  vulgar.  But 
much  is  to  be  deducted  from  what  the  vulgar  re- 
late, or  imagine,  they  see,  in  regard  to  this  sub- 
ject. Many  of  these  sprmgs,  when  examined 
by  philosophers,  or  accurate  observers,  ^ose  the 
•eater  part  of  what  they  had  of  the  marvellous. 
!n  several  of  them,  however,  there  still  remains 
enough  to  exercise  the  sagacity  of  the  searchers 
into  nature.  The  object  of  this  work  obliges  us, 
in  some  measure,  to  make  known  the  most  re- 
markable of  these  fountains.  But  \vt  shall  con- 
fine ourselves  to  those,  the  facts  respecting  which 
are  confirmed  by  good  descriptions  ;  for  it  is  of 
no  utility  to  repeat  what  is  uncertain  or  incor- 
rect. 

I.  The  greater  part  of  those  springs  which  ori- 
ginate from  accumulations  of  ice,  are  observed 
to  be  intermittent.  Such  are  some  of  those  seen 
in  Dauphiné,  on  the  road  from  Grenoble  to  Bri- 
ançon.  They  flow,  as  we  have  been  assured, 
more  abundantly  in  the  night  than  in  the  day 
time,  which  on  the  first  view  seems  difficult  to  be 
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reconciled  with  souad  philosophy  ;  hut  we  shsU 
shew  that  this  ooiay  be  explained  without  much 
difficulty. 

The  author  of  the  Descriptioa  of  ithe  Qla^^ 
deres  of  Switzerland,  speaks  «of  a  similar  springs 
^t  ËQgstier,  in  the  canton  of  Berne  :  it  jis  aubject 
to  a  double  intermittence,  that  is  to  ^ay>  an  aixr 
iiual  and  a- daily  :  il  does  not  begin  to  0owtiU 
"towards  the  month  of  IVIay;  and  the  simple  pev 
aants,  in  the  neighbourhood,  firmly  bqlieve  thff 
the  Deity  sends  them  this  spring  evc^y  year  for 
the  use  of  their  cattle,  which  aboiit  that  period 
they  drive  to  the  mountains.  Besides,  like  thoae 
of  which  we  have  already  spoken,  it  is  durinp^ 
the  night  that  it  flows  in  the  greatest  abun^ 
ance« 

The  annual  reappearance  of  this  fountain,  oia 
the  approach  of  spring,  may  be  easily  explained  : 
for  it  is  only  towards  this  period  that  the  mas^ 
of  the  earth,  being  sufficiently  heated,  begins  to 
melt  the  ice  from  below,  it  is  at  tliis  period^ 
therefore,  that  the  fountain  in  question  can  flow. 
.  We  make  use  of  the  expression  irom  below  ;  for 
it  is  in  this  manner  that  these  enormous  masses 
of  ice  are  melted.  No  doubt  indeed  can  be  eu^* 
tertained  of  it,  when  it  is  observed  that  they  con« 
tinually  give  birth  to  lar^e  cun*ents  of  watorj 
even  while  their  upper  surface  exhibits  the  strata 
of  the  preceding  year  scarcely  altered.  But  how 
comes  It  that  the  greater  part  of  these  fountains 
Ornish  the  largest  quantity  of  water  in  the  night 
time  ?  This  phenomenon  deserves  to  be  explained. 

It  arises,  in  onr  opinion,  from  the  alternation 
x)f  heat  and  cold^  occasiomed  by  the  presence  and 
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absence  of  the  $un,  în  the  mass  of  the. earth  co- 
vered by  this  accumulation  of  ice.     But  as  a  cer- 
tain time  is  necessary  before  the  heat  of  the  sun 
can  produce  its  effect^  and  be  communicated  to 
«the  aî€tànt' |>arts^  it  happens  that  the  moment  of 
their  greatest  heat  is  posterior,  by  several  hours, 
to  that  of  the  greatest  heat  of  the  air,  which 
'takes  place  about  three  in  the  afternoon  :  it  is 
-only  soiiie  hours  then  after  sunset,    that  the 
greatest  liquefaction  of  the  ice,  wiiich  is  in  con- 
'*act  with  the-' earth,  can  be  produced  :  and  if  we 
^take  into  consideration  the  space  which  the  wa- 
ter thence  arising  must  pass  through,  in  confined 
V-channels  between  the  vallies  and  under  the  ice, 
it  will  not  seem  astonishing  that  it  should  not 
make  its  appearance  till  towards  night.     It  will 
'therefore  be  about  eleven  o'clock,  or  midnight, 
•  that  these 'Streams,  produced  by  the.  melting  of 
the  ice,  •  will  furnish  the  greatest  quantity  of 
water. 

II.    The  intermittence  in  this  case  depends 
upon  causes  which  may  be  easily  discovered  :  it 
■  is  not  even  a  real  intermittence  ;  but  the  foun- 
tains we  are   about   to  describe  are   really  in- 
-  termittent. 

A  spring  of  this  kind  is  seen  at  Fontainebleau, 
.  in  one  of  the  groves  of  the  Park.     It  would  pro- 
bably be  better  known,  and  would  not  be  infe- 
rior in  celebrity  to  that  of  Lay  well,  if  courts  were 
more  frequented  by  philosophers. 

This  fountain  flows  from  a  sandy  bottom,  into 
a  bason  six  or  eight  feet  square  :  there  is  a  de- 
scent to  it  by  several  steps,  in  the  last  of  which, 
or  clo3e  to  the  water^  is  dug  a  small  channel, 


RECIPROCATING  FOUNTAINS.  239 

which 'suffers- it  to  .run  off.     Thé  following  are 
the  phenomena,  observed  in  this  fountain  : 

The  bason  being  supposed  to  be  half  full,  as  is 
the  case  whfin  a  large  quantity  of  water  has  been 
drawn  from  it,  the  water  rises  to  the  edge  of  the 
last  step,  and  run»  off  by  the  channel  for  some 
minutes.  This  discharge,  is  followed  by  a  bub- 
bling, sometimes  so iAroi>g Its  to  be  hesird  at  a 
considerable  distance.  TTiis  is  a  sign  of  the 
speedy  falling  of  the  water..  ,  It  immediately  be-, 
gins,'  indeed,-  to  fall  a  few  inches  below  the  level 
of  the  channel  ;  but  this  height,  is  variable.  It 
is  then  stationary  for  some  time  ;  but  afterwards 
rises;  and  continues  in  this  manner  alternately.-: 
Each  flux  of  this  kind  employs  about  seven  oir 
eight  minutes.  Sometimes  however  it  seemg 
to  sport  with  the  curious,  and  remains  half  an 
hour,  or  even  a  whole  hour,  without  repeating 
the  same  pl^y- 

The  description  of  a  fountain,  nearly  similar 
to  the  preceding,  may  be  seen  in  the  Philosophi- 
cal Transactions,  No.  202  and  424  ;  and  in  Dcs^ 
aguliers's  course,  vol.  IK:  it  is  situated  at  one 
of  the  extremities  of  the  small  town  of  Brixham, 
near  Torbay,  in  Devonshire  :  the  people  in  the 
neighbourhood  call  it  Lay-Well.  It  is  on  the 
declivity  of  a  small  hill,  and  distant  from  the 
shore  a  full  mile  ;  so  that  it  can  have  no  com- 
munication with  the  sea.  The. bason,  according 
to  the  latest  description,  is  eight  feét  in  length, 
and  four  feet  and  a  half  in  breadth.  A  current 
continually  flows  into  the  bason,  and  the  water 
escapes  at  the  other  extremity,  through  an  aper- 
ture, "three  feet  broad,  and  of  a  proportionable 
depth. 
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Sometimes  tht  water  flows  Qntformly  for  se- 
veral lioifiii»  without  risine  or  falling  ;  and  hence 
some  ci^ulous  people  beueve,  that  the  presence 
of  certain  persons  has  an  influence  on  this  foun? 
tain,  whicQ  interrupts  its  pby.  But^  for  thç 
inost  part,  it  has  a  very  sensible  and  very  speedy 
flux  and  reflut.  For  about  two  nhmutes  the 
water  rises  $Qnie  iochet,  ^Stev  M^hich  it  falls  for 
about  the  same  period,  and  then  a  short  rest'en-^ 
sues  ;  so  that  the  total  duration  is  about  five  mi* 
nutes.  This  takes  plaèe  twenty  times  in  succès* 
sion,  after  which  the  fountain  seems  to  rest  for 
about  two  hours,  and  during  that  time  the  vater 
flows  in  a  uniform  manner.  This,  according  to 
^e  author  of  the  description,  is  a  peculiarity  by 
which  this  fountain  is  distinguished  from  all 
Others  that  have  come  within  his  knowledge. 
But  we  have  seen  that  the  one  of  Fontainebleau 
experiences  something  of  the  same  l^in^  :  a  very 
strong  analogy  even  is  remarked  bet>veen  them, 
and  it  appears  almost  evident  from  the  descrip- 
tions, that  their  periodrsm  is  not  in  the  spring, 
but  only  in  the  discharge.  This  is  certain,  at 
least  in  regard  to  that  ot  Fontainebleau  ;  as  the 
nature  of  the  ground  does  not  permit  us  to  sup- 
pose any  thing  similar  to  that  'Nvhich  requires  ^ 
J)eriodical  flowing  in  the  spring  itself 

However,  we  ahall  htre  describe  a  third  foun- 
tain, much  more  considerable  than  either  of  the 
preceding  two,  and  which  presents  a  very  strike 
Ing  intermittence;  it  is  situated  in  FrancheT 
Comté,   and  a  very  good  description  of  it  was 

Eublished  in  the  Journal  des  Sçavdns^  for  Octo* 
er  1688. 
Tlîis  fountain  is,  or  at  lea^it  was  at  that  periqd^ 
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near  the  high  road  leading  ^rom  Pontariier  to 
Touillpn,  at  the  extremity  of  a  small  meadow, 
and  at  the  bottom  of  some  mountains  which  hang 
over  it  ;  it  flows  from  two  difierent  places,  into 
two  basons,  op  account  of  the  roundness  of  which 
it  has  acquired  the  name  of  la  Fontaine  rofide. 
The  upper  bason,  which  is  larger  than  the  other, 
is  about  seven  paces  in  lengths  and  si?c  in  breadth  ; 
and  in  the  middle  of  it  there  is  a  stone  cut  in  a 
sloping  form^  which  serves  to  render  the  motion 
of  Its  reciprocation  sensible. 

When  the  flux  is  about  to  commence,  a  bub* 
bling  is  h(?ard  within  the  ibuntain,  and  the  water 
is  immediately  seen  to  issue  on  all  sides,  produc- 
ipg  ^  great  many  air  bubbles  :  it  rises  a  full  foot. 

During  the  reflu:ç,  the  water  falls  nearly  the 
same  time,  and  by  the  same  gradations.  The 
total  dm^tion  of  the  flux  and  reflux,  is  about 
^alf  a  quarter  of  anhour^  including  about  two 
minutes  of  rest, 

The  fountain  becomes  almost  dry  at  each  re- 
flux, and  at  the  end  of  it  is  heard  a  sort  of  mur- 
muring noise,  which  announces  its  cessation. 

Tlie  small  town  of  Colmars,  in  Provence,  pre- 
sents also  a  fountain  of  the  same  kind.  It  is 
situated  in  the  neighbourhood  of  the  town,  and 
is  remarkable  for  the  frequency  of  its  flux# 
When  it  is  ready  to  flow,  a  slight  murmur'  is 
heard  ;  it  afterwards  increases  for  half  a  minute, 
and  then  throws  up  a  jet  of  water  as  thick  as  the 
arm  :  it  then  decreases  for  five  or  six  minutes, 
and  stops  a  short  time,  after  which  it  again  be- 
gins to  flow.  In  this  manner  the  duration  of  its 
flowing  and  intermittence  together  is  about  seven 
or  eight  minutes  ;  so  that  it  flo>vs  and  stops  about 
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eight  times  in  an  hour.  Gassendi  and  Astruc 
have  given  a  more  detailed  account  of  tkis  foun- 
tain ;  the  former  in  his  works,  and  the  latter  in 
his  Histoire  Naturelle  du  Languedoc  et  de  la 
Provence. 

The  fountain  of  For.zanches,  in  the  dioccf^e  of 
Nismes,  deserves  also  to  be  mentioned       Fon- 
zanches  is  situated  between  Sauve  and  Quissac, 
not  far  from,   and  on  the  right  of  the  Vidourle, 
It  issues  from  the  earth,   at  the  extreijiity  of  a 

Îretty  steep  declivity,  looking  towards  the  east. 
t&  intermittence  is  very  striking  :  it  flows  and 
stops  regularly  twice  in  the  course  of  the  day,  or 
of  twenty-four  hours;  the  duration  of  its  flux  is 
7  hours  25  minutes,  and  that  of  its  intermission 
5  hours  or  nearly  ;  so  that  its  flowing  is  retarded 
every  day  about  50  minutes.  But  it  would  be 
erroneous  thence  to  conclude,  that  it  has  any 
conilection  cither  with  the  motion  of  the  moon, 
or  with  the  sea,  though  it  has  been  called  la  Fon- 
taine au  flux  at  7rfhu\  It  would  be  absurd  to 
suppose  channels  proceeding  tliencc  to  the  sea  of 
Gascony,  Avhicli  is  130  leagues  distant.  Besides, 
as  the  retardation  of  50  minutes  is  not  exactly 
that  of  the  tides,  or  of  the  moon's  passage  over 
the  meridian,  the  analogy  of  the  one  movement 
with  the  other,  can  no  more  he  maintained,  than 
if  this  retardation  were  much  greater  or  less. 

We  shall  terminate  this  paragraph  with  a  de- 
scription of  the  famous  fountain  called  Fontes- 
torbc,  situated  in  the  diocese  of  ]\Jirepoix.  Uhe 
acTount  we  shall  give  of  it  is  extracted  from  As- 
truc's  descrijition,  ])ublibhed  in  the  work  befcTc 
mentioned. 

Tontestorbe  is  situated  at  the  extremity  of  y, 
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cliain  of  rocks^  which  advance  almost  to  the 
banks  of  the  river  Lers,  between  Fougas  and  Bel- 
lestat,  in  the  diocese  of  Mircpoix^  At  a  consider- 
able height  above  the  bed  of  the  river  is  a  ca- 
vern, 20  or  30  feet  in  length,  40  in  breadth,  and 
30  in  height.     On  the  right  side  of  this  cavern 
is  the  fountain  in  question,  in  a  triangular  aper- 
ture of.  the.  rock,  the  base  of  which  is  about  8 
feet  in  breadth.     It  is  through  this  aperture  that 
the  water  issues^   when   the  flux  takes  place. 
What  characterises  its  intermission,  in  a  very 
singular  manner,  is,  that  it  is  intermittent  only 
during  the  time  of  drought  ;  that  is  to  say,  in 
the  months  of  June,  July,  August,  and  Septem- 
ber: it  then  flows  for  36  or  37  minutes,  rising  4 
or  5  inches  above  the  base  of  the  triangular  aper- 
ture, after  which  it  ceases  to  flow  for  32  or  33 
minutes.     If  it  happens  to  rain,  the  time  of  in- 
termission is  shortened,  and  when  it  has  rained 
three  or  four  days  in  succession,  it  becomes  an- 
nihilated ;  so  that  the  fountain  then  continues, 
though  with  a  periodical  increase  :  but  at  length, 
when  the  rain  has  lasted  a  considerable  time,  the 
flux  is  continued  and  unifonn,  and  remains  in 
this  state  throughout  the  winter,  until  the  return 
of  dry  weather,  when  the  fountain  again  becomes 
periodical  and  intermittent,  by  the  same  grada- 
tions inverted. 

The  reason  of  the  greater  ^art  of  the  pheno- 
mena here  described,  may  be  deduced  from  the 
principles  explained  in  the  preceding  problems. 
For  this  purpose,  nothing  is  necessary  but  to  con- 
ceive a  cavity  of  greater  or  less  extent,  formed 
by  the  sinking  down  of  a  bank  of  clay,  and 
which  serves  as  a  reservoir  to  a  collection  of 
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water,  furnished  by  a  spring.  Let  this  cavity  have 
a  communication  outwards  by  a  kind  of  crooked 
channel,  the  interior  aperture  of  which  is  near 
"the  bottom  of  the  cavity,  and  the  exterior  one 
much  lower  :  this  channel  will  evidently  perr 
form  the  part  of  the  syphon  of  Prob.  LXIÎI.  fig. 
31,  and  will  produce  the  same  phenomena,  supr 
posing  however  that  the  exterior  air  has  access 
to  the  cavity. 

If  the  spring  then,  which  .fills  the  cavity,  here 
described,  always  furnishes  less  water  than  the 
3upposed  syphon  can  evacuate,  the  Water  wiU 
flow  only  periodically  ;  for  before  it  can  issue,  it 
must  rise  to  the  summit  or  angle  of  the  two 
branches  of  the  syphon  :  it  will  then  flow  and 
levacuate  the  water  contained  in  the  cavity,  and 
it  will  again  stop  till  more  water  rises. 

But,  if  the  concealed  spring,  which  feeds  the 
reservoir,  be  variable,  that  is  to  say  if  it  be  much 
more  abundant  in  winter,  and  during  rainy  wea- 
ther, than  in  summer,  or  during  dry  weather, 
tlie  apparent  spring  will  be  intermittent  only 
(hiring  the  latter;  the  duration  of  its  intermisr 
sions  or  rest  will  decrease,  according  as  the  con- 
cealed spring  becomes  more  abundant,  and  when 
the  concealed  spring  gives  as  much  water  as  the 
syphon  can  evacuate,  the  apparent  spring  will  be- 
come continued  :  it  will  at  length  gradually  re- 
sume its  intermittence,  according  as  the  intcÂor 
spring  decreases  in  volume.  f 

Here  then  the  phenomena  of  the  spring  of 
Fontestorbe  are  explained,  by  the  same  mecha- 
nism as  that  of  the  other  springs  purely  interr 
mittent.  It  appears,  that  in  the  latter  the  con- 
cealed spring  derives  its  prigin  from  -subterra- 
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neous  water,  which  receives  little  or  no  augment- 
ation from  exterior  water  ;  and  that,  on  tiie  con- 
trary, the  spring  of  Fontestorbe  is  fed  by  water 
arising  from'rain  and  melted  snow. 

We  shfiU  add  only  a  few  words  more,  respect- 
ing some  fountains  of  this  kind,  mentioned  in 
various  authors.  Such  is  that  in  the  environs  of 
Paderborn,  called  BuUerborn,  which  flows,  it  is 
said,  for  twelve  hours,  and  rests  during  the  same 
period  :  that  of  Haute-Combe,  in  Savoy,  near 
the  lake  of  Bourget,  which  flows  and  stops  twice 
in  an  hour  :  that  of  Buxton,  in  the  county  of 
Derby,  mentioned  by  Childrey  in  his  Curiosités 
it  Angleterre^  which  flows  only  every  quarter  of 
an  hour  :  one  near  tbe  lake  Como,  celebrated  in 
the  time  of  Pliny  the  younger,  which  rises  and 
falls  periodically,  three  times  a  day  :  &c. 

III.  We  shall  now  describe  phenomena  of  an- 
other kind,  namely,  those  exhibited  by  certain 
wells  or  springs,  which  rise  and  fall  at  certain  pe- 
riods, while  no  place  is  known  by  which  the 
water  is  discharged.  There  is  a  well  near  Brest 
subject  to  this  periodical  falling  and  risinc^,  the 
explanation  of  which  has  aâPorded  consider;;ole 
occupation  to  philosophers.  The  description  we 
shall  give  of  it,  is  extracted  from  the  Journal  de 
Trévoux,  Oélober  1728  :  it  was  written  by  Fa- 
ther Aubert,  a  Jesuit,  who  appears  to  have  been 
a  very  cerrect  and  well  informed  philosopher.    • 

This  well  is  situated  at  -the  distance  of  two 
leagues  from  Brest,  on  the  border  of  au  arm  of 
the  sea,  which  advances  as  far  as  Landemau.  -  It 
is  75  feet  from  the  edge  of  the  sea  at  high  water; 
VàA  nearly  double  that  distance  at  low  water.  It 
is  ao  feet  in  depth,  and  its  bottom  is  lower  thaa 
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the  surface  of  the  sea  at  high  water^  but  higher 
than  the  ai0.tiie  surface  at  low  water. 

It  would  not  be  astonishing,  or  rather  would 
be  altogether  in  the  natural  order  of  things,  if 
the  well  should  sink  do\vn  at  low  water,  and  rise 
at  high  water  ;  but  the  case  is  quite  contrary,  as 
will  be  seen  by  the  following  detailed  account  of 
the  phenomena  observed. 

The  water  of  the  well  is  lowest,  that  is  to  say 
is  only  it  or  1 2  inches  above  its  bottom,  when 
the  sea  is  at  its  highest.  It  remains  in  that  state 
about  an  hour,  reckoning  from  the  time  of  higli 
water;  it  then  increases  for  about  two  hours  and 
a  half,  during  the  time  the  sea  is  ebbing  ;  after 
which  it  remains  stationary  for  about  two  hours. 
It  then  begins  to  decrease  for  about  half  an  hour 
before  the  time  of  low  water,  and  this  continues 
for  the  first  four  hours  of  the  sea's  flowing.  In 
the  last  place,  it  remains  in  the  same  state  of 
falling  for  about  three  hours,  that  is  during  the 
last  two  hours  of  the  sea's  rising,  and  the  first 
hour  of  its  ebbing;  after  which  it  again  begins 
to  rise,  as  before  mentioned.  It  was  observed 
during  the  great  drought,  in  the  year  1724,  that 
this  well  was  for  some  hours  dry,  while  the  sea 
flowed,  and  that  it  became  full  as  the  sea  ebbed. 
We  do  not  know  whether  this  well  be  still  in  ex- 
istence. What  adds  to  the  singularity  of  the  phe* 
nomenon  is,  that  the  neighbouring  wells,  which 
might  be  supposed  to  experience  the  same  vicis- 
situdes, arc  subject  to  nothing  of  the  kind. 

According  to  Dcsaguliers,  a  small  lake  called 
Greenhithe,  between  London  and  Gravcsend, 
exhibits  the  same  phenomena  :  and  this  author 
ikddSj  that  he  heard  at  Lambourn,  in  Berkshire^ 
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of  a  spring  which  is  full  in  dry  weather,  and  dry 
during  rainy  weather.  It  is  much  to  be  wished 
that  he  had  ascertained  the  truth  of  these  cir- 
cumstances. 

IV.  But  every  thing  hitherto  said,  though 
very  remarkable,  is  nothing  when  compared  with 
the  singularity  of  the  famous  lake  of  Tschimitz. 
This  lake,  which  is  of  considerable  extent,  is  si- 
tuated near  a  small  town  of  the  same  name,  in 
Oarniola.  It  is  about  three  French  leagues  iu 
length,  and  Qne  and  a  half  in  breadth,  having  a 
very  irregular  form. 

The  smgularity  of  this  lake  consists  in  its 
being  full  of  water  during  the  greater  part  of 
the  year  ;  but  towards  the  end  of  June,  or  the 
tirst  of  July,  the  water  runs  otf  by  eighteen 
lioles  or  subterranean  conduits,  so  that  what  was 
the  abode  of  fish  and  abundance  of  aquatic 
fowls,  becomes  the  haunt  of  cattle,  who  repair 
thither  to  pasture  on  the  grass  which  is  found 
there  in  great  plenty.  Things  remain  in  this 
state  for  three  or  four  months,  according  to  the 
constitution  of  the  year  ;  but  after  that  period, 
the  water  returns  through  the  holes  by  which  it 
had  been  absorbed,  and  with  so  considerable  a 
forcç  that  it  spouts  up  to  the  heiiçht  of  several 
feet,  so  that  in  less  than  twenty-tour  hours  the 
Jake  has  resumed  its  former  state.  , 

It  is  however  to  be  observed,  that  there  are 
some  irregularities  in  the  time  and  duration  of 
this  evacuation.  It  sometimes  happens  that  th#: 
lake  is  filled  and  emptied  two  or  three  timc^:  :îi 
the  year.  One  year  it  experienced  no  cva^-.ia- 
tion,  but  it  never  remained  empty  above  io^u 
months.  Notwith«^tanding  these  irr^gularitl'-»,, 
the  pheoomenon  deserves  a  placer  u:î/jsig  thf 
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jnost  extraordinary  singularitiei  of  nature.  !Séé 
OD  this  subject  a  work  by  M.  Weichard  Valva&or^ 
a  learned  man  of  that  country^  entitled  Gloria 
ducatus  Carniolœ,  Sçc.  i68S,  4to*  This  author 
enters  into  details  which  entitle  him  to  credit; 
and  besides  this^  it  is  a  fact  well  known,  and 
mentioned  by  various  intelligent  travellers. 

M.  Valvasor  deduces^  with  great  probability, 
the  phenomena  of  this  lake  from  subterranean 
cavities,  which  communicate  with  it^  by  the 
apertures  already  mentioned,  and  which  are  full 
of  water  supplied  by  the  rain.  When  the  rain 
ceases  for  a  considerable  time,  so  that  the  water 
is  evacuated  to  a  certain  pointy  a  play  of  syphons 
takes  place,  by  which  means  the  whole  lake  is 
emptied.  But  for  the  details  of  this  explanation 
we  must  refer  to  the  work  before  mentioned,  or 
to  the  acts  of  Leipsic  for  the  j'ear  x688. 

PROBLEM  LXVn. 

Of  the  sptakinx  ti^mpetj  and  car  trumpet  :  Ex- 
planation of  them  :  Comtriiction  of  the  inchant- 
cd  head. 

As  tlie  sight  is  assisted  by  telescopes  and  ml« 
croscopes,  so  similar  instruments  have  been  con-» 
trived  for  assisting  the  faculty  -of  hearing.  One 
of  these,  called  the  speaking  trumpet,  is  em^ 
ployed  for  conveying  sound  to  a  great  distance  : 
the  other,  called  the  ear  trumpet,  serves  to  mag- 
nify to  the  ear  the  least  whisper. 

Among  the  modems.  Sir  Thomas  Moreland 
bestowed  the  most  labour  in  endeavouring  to 
improve  this  method  of  enlarging  and  convey- 
ing sounds  and  on  this  subject  he  published  a 
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Ireatlsei  entitled  De  Tuba  Stento.'ophonica,  a 
name  which  alludes  to  the  voice  of  Stentor,  so 
celebrated  among  the  Greeks  for  its  e^ttraordina^ 
ry  strength.  The  following  observations  on  this 
subject'  are  in  part  borrowed  from  that  curious 
work. 

The  ancients,  it  would  seem,  were  acquainted 
with  the  speaking  trumpet  :  for  we  are  told  that 
Alexander  had  a  horn,  by  means  of  which  he 
could  give  orders  to  his  whole  army,  however 
numerous.  Kirchcr,  on  the  authority  of  ^ome 
passages  in  a  manuscript,  preserved  in  the  Va- 
tican, makes  the  diameter  of  its  greatest  aper- 
ture to  have  been  seven  feet  and  a  half.  Of  its 
length  he  says  nothing  ;  and  only  adds  that  it 
could  be  heard  at  the  distance  of  500  stadia,  or 
about  25  miles. 

This  account  is  no  doubt  exaggerated  ;  but 
however  this  may  be,  the  speaking  trumpet  is 
nothing  else  than  a  long  tube,  which  at  one 
end  is  only  large  enough  to  receive  the  mouth, 
and  which  goes  on  increasing  in  width  to  the 
other  extremity,  bending  somewhat  outwards» 
The  aperture  at  the  small  end  must  be  a  little 
flattened  to  fit  the  mouth  ;  and  it  ought  to  liave 
two  lateral  projections,  to  cover  part  of  the 
cheeks.  All  this  will  be  better  comprehended 
by  recurring  to  pi.  6  fig.  33,  wliich  requires  no 
farther  explanation. 

Sir  Thomas  Morland  says,  that  he  caused  sev 
veral  instruments  of  this  kind  to  be  constructed 
of  (liftèrent  sizes,  viz,  one  of  four  feet  and  a  half 
in  length,  by  which  the  voice  could'  be  heard  at; 
the  distance  of  500  geometrical  paces  ;  another 
16  feet  8  inches,  which  conveyed  sound  i8oo 
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8 aces  ;  an4  à  thîrd  bf  24  feet,  which  rendered! 
ie  voice  ^udîble  at  the  distance  of  2500  paces. 

To,  explain  this  effect,  we  shall  not  say, 
with  Ozanam,  that  tubes  serve,  in  general,  U> 
strengthen  the  activity  of  natural  causes  ;  that 
Jhp  longer  they  are  the  more  this  energy  is  in- 
creased, &c  ;  for  this  is  iiot  speaking  lilcc  a  phi- 
losopher ;  it  is  taking  the  effect  for  the  causae  : 
Ve  niust  reason  with  more  precision. 

The  cause  of  this  phenomenon  is  as  follows. 
As  the  air  is  an  elastic  fluid,  so  that  every  sound 
produced  in  it  is  transmitted  spherically  around 
the  sonorous  body;  when  a  person  speaks  at  the 
mouth  of  the  trumpet,  all  the  motion  M'hich 
would  „be  communicated  to  a  spherical  mass  of 
air,  of  four  feet  radius,  for  example,  is  commu- 
nicated only  to  a  cylinder,  or  rather  cone  of 
air,  the  base  of  which  is  the  wider  end  of  the 
.trumpet.  Consequently,  if  this  cone  is  only 
the  hundredth  part  of  the  whole  sphere  of  the 
same  radius,  the  effect  will  be  as  great  as  if  the 
person  should  speak  a  hundred  times  as  loud  in 
the  open  air  :  the  voice  must  therefore  he  heard 
at  a  distance  a  hundred  times  as  great. 

The  car  trumpet,  an  instrument  exceedingly 
useful  to  tliose  almost  deaf,  is  nearly  the  reverse 
of  the  speaking  trumpet:  it  collects,  in  the  au- 
ditory  passage,  all  the  sound  contained  within 
jt;  or  it  increases  the  sound  produced  at  its  ex- 
tremity, in  a  ratio  which  may  be  said  to  be  as 
that  of  the  wide  end  to  the  narrow  end.  Thus, 
.for  example,  if  the  wide  end  be  6  inches  in  dia^ 
meter,  and  the  aperture  applied  to  the  ear  6  lines, 
which  In  surfaces  gives  the  ratio  of  i  to  144^ 
the  sound  will  be  increased  144  times,  or  nearly 
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So  ;  for  we  do  nôt  believe  that  this  increase  i$ 
exactly  in  tfie  inverse  ratio  of  the  surfaces  :  and 
it  miist  be  allowed  that,  in  this  respect,  acioustics 
are  not  so  far  advanced  as  optics. 

It  is  a  certain  fact,  proved  by  experience, 
whatever  may  be  the  ckuse,  that  sound  confined 
in  a  tube,  is  conveyed  to  a  much  greater  di-» 
stance  than  in  the  open  air.  Father  ïtircher  re- 
lates, in  some  of  his  works,  that  the  labourers 
employed  in  the  subterranean  aqueducts  of 
Rome,  heard  each  other  at  the  distance  of  seve- 
ral mMes. 

If  a  person  speaks,  even  with  a  very  low. 
voice,  at  thé  extremity  of  a  tube,  some  iiiôhes  iu 
diameter,  another  who  has  his  ear  at  the  other  ex* 
tremity  will  hear  distinctly  what  is  said,  whatever 
be  the  number  of  the  circumvolution^  of  the  tube* 

This  observation  is  the  principle  of  à  machine^ 
which  excités  great  surprise  in  those  unacquaint- 
ed with  the  phenomena  of  sound.  A  bust  is 
placed  upon  a  table  ;  from  one  or  each  of  its  ears 
a  tube  is  conveyed  through  the  table  and  one  of 
its  feet,  so  as  to  pass  through  the  floor,  and  to 
end  in  a  lower  or  lateral  apartment.  Another 
tube,  proceeding  from  the  mouth,  is  conveyed  ia 
a  similar  nmnner,  into  the  same  apartment.  A  per- 
son in  company  is  desired  to  ask  the  figure  any 
question,  by  whispering  into  its  ear,  A  confeder- 
ate of  the  one  who  exhibits  the  machine,  by  ap» 
plying  his  ear  to  the  extremity  of  the  first  tube, 
hears  very  plainly  what  has  been  said;  and  placmg 
his  mouth  at  the  aperture  of  the  other  tube,  re* 
turns  an  answer,  which  is. heard  bythepersda 
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who  proposed  it.  If  motion  be  communicated 
at  the  same  time»  to  the  lips  of  the  machine,  by 
$ny  mechanical  means»  the  ignorant  will  be 
much  surprised»  and  inclined  to  believe  that  this 
phenomenon  is  the  effect  of  magic.  It  may  be 
easily  seen  however,  that  the  cause  is  very 
simple. 

PRQBLEM    LXVin.  \ 

•  * 

fJVhtn  boys  play  at  Ricoche t^  or  duck  and  drake^ 
what  is  tfie  cause  xvhich  makes  the  stone  rise 
above  the  surface  of  the  water ^  after  it  has  been 

•    immersed  in  it  ? 

This  play  is  well  known,  as  most  boys  amuse 
themselves  with  it,  when  near  a  piece  of  water  of 
any  extent.  But  the  cause  why  the  stone  re- 
bounds, after  it  has  touched  the  surface  of  the 
water,  seems  to  be  involved  in  a  certain  degree 
of  obscurity  ;  and  we  will  even  say  that  some  phi- 
losophers have  mistaken  it,  by  ascribing  it  to 
the  elasticity  of  the  water.  As  water  has  no 
elasticity,  it  is  evident  tliat  this  explanation  is 
not  \yell  founded. 

This  rebounding  however  depends  on  a  cause 
which  approaches  very  near  to  elasticity.  It  is 
tlie  effort  miide  by  every  column  of  water,  de- 
pressed by  a  sliock,  to  rise  up  and  resume  its 
former  situation,  in  consequence  of  a  sort  of 
equilibrium  which  must  prevail  between  it  and 
its  neighbours.  But  let  us  enter  into  a  niore 
detailed  analysis  of  what  takes  place  on  this 
occasion. 

When  the  stone,  which  must  be  flat,  is  thrown 
obliquely  at  the  surface  of  tl)e  water,  and  in  the 
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direction   of  its  edge,    it  is  evident  that  it  is 
carried  by  two  kinds  of  motion  compounded  to- 
gether,   one  horizontal,  which  is  quicker,  and 
the  other  vertical,  which,  is  much  slower.     The 
stone  when  it  reaches  the  surface  of  the  water, 
impels  it  by  the  effect  of  the  latter  only,  and 
depresses  a  little  the  column  of  water  which  it 
meets  ;  this  produces  a  resistance  which  weakens 
the  vertical  movement,  but  without  destroying 
it;  so  that  it  continues  to  dip,  depressing  other 
columns  ;    hence    there  result  new  resistances, 
which  at  length  annihilate  this  motion,  so  far  as 
it  is  vertical.     The  stone  has  then  reached  thé 
greatest  depth  to  which  it  can  attain,  and  must 
necessarily  describe  a  small  curve,  the  convexity 
of  which  is  opposite  to  the  bottom  of  the  water, 
as  seen  pi.  6,  fig.  34  ;  but,  at  the  same  time,  its 
motion  so  far  as  it  is  horizontal  has  lost  little  or 
nothing.     On  the  other  hand,  the  column,  de- 
pressed by  the  shock  of  the  stone,  re-acts  against 
It,  being  pushed  by  the  neighbouring  columns  ; 
and  hence  there  arises  a  vertical  motion  commu-. 
nicated  to  the  stone,  which  is  combined  with 
the    remaining    part  of  its  horizontal  motion. 
The    result   then  must  be  an  oblique  motion, 
tending  upwards  ;  which  causes  the  stone  to  re- 
bound above  the  water,  making  it  describe  a 
very    much    flattened  small  parabola  ;    it  then 
again    strikes   the  water  obliquely,  which  pro- 
duces a  second  rebounding;    then  a  third,   % 
fourth,    and    so  on,  always  decreasing  in  ex- 
tent and  height,  till  the  motion  is  entirely  an- 
nihilated. 
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Jdcchanknt  of  paper  Kites  :  Various  questions  in 

regard  to  this  amusement. 

EviiRY  one  is  acquainted  with  the  amusement 
pf  the  paper' kite,  a  very  curious  small  machine, 
which  in  its  mechanism  displays  great  ingenurty. 
To  some  however  it  may  appear  astonishing  that 
an  object  of  this  nature  should  form  the  subject 
of  an  academic  memoir  ;  for  there  is  one  on 
paper  kites  in  the  Transactions  of  the  Academy 
of  Berlin  for  the  year  1756.  But  this  surprise 
will  cease  when  it  is  known,  that  Mr.  £uler 
junior  was.  a  profound  geometrician,  at  an  age 
when  most  young  persons  see  nothing  in  the 
paper  kite  but  an  object  of  amusement  :  to  him 
therefore  it  could  hardly  fail  of  being  a  subject 
of  meditation.  It  presents  indeed  several  cu* 
rious  questions,  and  which  for  the  most  part, 
cannot  be  treated  without  the  higher  analysis. 
This  memoir  therefore  may  be  ranked  among 
the  juvenilia  of  a  great  mathematician.  We 
shall  not  folle w  him  in  his  profound  calcula- 
tions ;  we  shall  content  ourselves  with  treating 
the  subject  in  a  less  rigorous  manner,  but  much 
easier  to  be  understood. 

The  kite,  as  is  well  known,  is  a  plane  surface, 
A  B  C  D,  pi.  6  fig.  35,  as  light  as  possible, 
shaped  like  an  irregular  rhombus  ;  that  is  to  say, 
formed  of  two  triangles  B  y\  C,  and  B  D  C,  in 
which  the  angle  A  ot  the  former  is  much  greater 
than  the  angle  1)  of  the  latter.  The  iiead  is 
towards  A,  and  D  is  the  tail,  to  which  is  genç- 


rally  affixed  a  long  cord^  having  pieces  of  pa- 
per attached  to  it  ^t  certain  lengths  :  some  much 
shorter  are  placed  at  the  comers  B  and  C,  which 
causes  the  small  machine,  when  elevated^  to  ap- 
pear at  a  distance  li)ce  a  monstrous  bird  balanc- 
ing itself  in  the  air,  by  the  help  of  its  tail  and 
its  wings. 

At  a  point  of  the  ^is  A  D,  and  towards  the 
|)goint  £y  is  affixed  a  small  cord,  som^  hundreds 
of  feet  in  length,  rolled  upon  a  sticky  to  be  lot 
out  or  taken  in  as  occasion  may  require.  But  i't 
is  necessary  that  this  cord  should  be  made  fast  ta 
the  kite  in  a  certain  manner; .  fôr>  in  the  first 
place,  two  other  small  cords  proceeding  from  a 
point  near  the  place  where  it  is  attached  must  i|A9 
extended  to  the  points  B  a.nd  Cj  to  prevent  the 
•machine  from  turning  on  the  akis  A  D  ;  and 
secondly,  from  the  same  point  of  the  cord, 
another  small  cord  must  proceed  to  ^  point  ne^r 
the  head  A  ;  so  that  the  angle  formed  by  the  cord 
Avith  the  axis  A  B«  shall  be  acute  towards  A,  and 
invariable  :  a  fourth'  even  is  made  to  proceed 
from  this  point  of  the  cord  to  a  point  near  D. 

These  arrangements  being  made;  when  the 
kite  is  to  be  committed  to  tlie  wind^  an  assistant 
^olds  the  cord  at  the  distance  of  some  yards,  'and 
the  inferior  surface  of  the  kite  being  exposed  to 
the  wind^  it  is  thrown  up  into  the  air.  The 
person  who  holds  the  cord  then  biegins  to  rufi 
«gainst  the  win^in  order  tp  increase  the  actîpn 
<)f  the  air  on  its  surface.  If  a  ccmsiderable  re- 
sistance  is  experienced,  a  little  of  the  cord  is  suc- 
cessively unrolled  and  the  kite  jjses  :  it  is  neces- 
sary to  kno-w  how  to  govern  it  by  unroUiBg[  j^ 
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winding  up  fhc  cord  properly  ;  that  is  to  say, 
letting  it  go  when  it  is  foiuid  by  the  effort  expe- 
rienced that  the  kite  can  still  rise,  and  winding 
it  up  when  it  becomes  slack.  A  kite  properly 
constructed,  when  the  time  and  place  are  favour- 
able,  can  rise  to  the  height  or  three  or  four 
hundred  feet,  and  even  more. 

To  analyse  this  amusement^  and  explain  what 
takes  place,  let  us  suppose  that  A  D  pi.  6  fig.  36, 
represents  the  axis  or  the  kite,  to  which  is  at- 
tached the  cord  EC,  held  at  C  by  the  person 
who  directs  it  Let  F  E  be  the  direction  of  the 
wind,  all  the  currents  of  which  we  suppose 
united  in  one,  acting  on  the  centre  of  gravity 
of  the  surface  of  the  kite;  and  which,  tor  the 
sake  of  simplifying,  we  shall  suppose  not  to  differ 
from  that  of  the  body  itself,  or  to  be  very  near  it. 

Let  FE  represent  the  force  with  which  the 
wind>  to  which  the  kite  is  exposed,  impels  its 
surface  in  a  perpendicular  direction  ;  draw  E  G 
perpendicular  to  that  surface,  and  make  E  L  a 
third  proportional  to  E  F  and  E  G,  and  draw 
LM,  parallel  to  GF;  EL  will  represent  the 
force  with  which  the  wind  impels  the  lower 
surface  of  the  kite,  in  the  perpendicular  direction, 
and  L  M  will  be  the  effort  exercised  by  this  im- 
pulse in  the  direction  M  L  or  A  E  D. 

We  shall  first  observe,  that  by  the  lattejr  the 
kite  would  tend  to  be  precipitated  doMnwards  ; 
but  the  angle  A  E  C  being  acute,  there  thence 
results  an  effort  in  the  direction  EA,  which 
counterbalances  the  former  ;  otherwise  the  kite 
could  not  support  itself,  and  this  is  the  reason 
why  this  angle  must  necessarily  be  acute. 
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If  we  now  make  E  ft  equal  to  E  L,  and  draw 
E  I  pei^pendicular  to  the  horizon,  and  H  I  per; 
pendicular  to  E  H,  we  shall  have  two  new  forces; 
one  of  which,  I II,  will  act  in  the  direction  E  D, 
and  tend  to  throw  down  the  kite  :  but  this  force 
is  annihilated,  as  well  as  the  former  M  L,  by  the 
power  in  C,  which  draws  according  to  the 
acute  angle  A  E  C.  The  other,  E  I,  is  that 
which  tends  to  make  the  kite  rise  in  a  vertical 
direction. 

Hence,  if  the  force  EI  be  greater  than  the 
weight  of  the  kite,  it  will  be  raised  into  the  air  ; 
and  if  we  suppose  that  the  extremity  of  the  cord 
is  fixed  in  C,  it  will  turn  around  the  point  C  as 
it  rises;  but  by  turning  in  this  mîmner  it  must 
necessarily  happen,  that  the  wind  will  fall  with 
more  obliquity  on  its  surface  A  B  ;  so  that  there 
will  at  length  be  an  equilibrium.  The  kite  then 
will  rise  no  farther,  unless  the  cord  is  let  out;  in 
which  case  it  will  rise  parallel  to  itself,  and  as 
in  ascending  it  will  meet  with  freer  air  and  a 
stronger  wind,  it  will  still  turn  a  little  around  the 
angle  C  ;  or  the  angle  C  will  become  greater, 
and  approach  more  and  more  to  a  right  angle. 

Such  is  the  mechanism  by  which  the  paper  kite 
rises  into  the  air.  It  may  be  readily  seen,  that 
if  the  velocity  of  the  wind,  with  the  surface  and 
weight  of  tlie  kite,  be  known,  as  well  as  the  con- 
stant value  of  the  angle  A  EC,  the  height  to 
which  it  will  rise  may  be  detennined, 

A  question,  which  here  naturally  presents  it- 
self, is,  what  ought  to  be  the  value  of  the  an^le 
A  EF,  in  order  that  the  small  machine  mav  nsc 
with  the  greatest  facility  ?  We  shall  not  give  the 
tinalysis  of  this  question,  but  shall  only  say^  that 
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if  the  wind  be  horizontal,  this  angle  must  be  54^ 
44*^,  or  the  same  which  the  rudder  of  a  ship 
ought  to  make  with  the  keel,  that  the  vessel 
niay  be  turned  with  the  greatest  facility,  sup- 
posing the  currents  of  water  which  impel  it  to 
cave  a  direction  parallel  to  the  keel. 

We  shall  here  observe,  that  it  is  not  absolutely 
necessary  that  the  angle  A  E  C  should  be  inva- 
riable, and  determined  to  be  such,  by  a  small 
cord  proceeding  from  a  point  of  C  E  to  another 
point  near  the  head  ;  but  in  this  case  the  point 
Te,  where  this  cord  is  attached  to  the  kite  must 
iK>t  be  the  same  as  the  centre  of  gravity  of  the 
surface  of  the  kite,  and  the  centre  of  gravity 
must  be  as  far  as  possible  towards  the  centre  oif 
the  tail  D*  It  is  for  this  reason,  that  a  cord  with 
bits  of  paper  £xed  in  it  is  added  '  to  the  point 
D  ;  by  which  means  the  centre  of  gravity  ii 
thro\ifn  towards  that  point*  Those  who  amuse 
themselve^^with  kites,  were  certainly  not  con- 
ducted to  this  mode  of  construction  à  priori  : 
the  origin  of  this  appendage  must  have  been  a 
desire  to  give  to  the  small  machine  the  appear- 
ance of  a  bird  with  a  long  tail,  balancing  itself 
in  the  air.  But  accident  on  this  occasion,  has 
been  of  great  utility;  for  M.  Euler  ibund  by  a 
calculation,  of  which  no  idea  can  be  here  given, 
that  this  small  tail  contributes  a  great  deal  to 
the  elevation  of  the  kite. 

In  short,  this  amusement,  however  frivolous 
it  may  appear,  presents  some  other  mechanical 
considerations  which  require  a  great  deal  of 
-address,  and  a  very  intricate  calculation  ;  but 
for  farther  particulars,  we  must  refer  to  the  Me- 
iBipir  of  ^Ir.  Euler  before  mentiouçd. 


PIVIXING  ROD,  £59 

I 

REMARK. 

By  observing  the  before-mentioned  rules,  va* 
^ious  figures  may  be  given  to  this  small  ma* 
chine;  such  as  that  of  an^  eagle,  or  a  vulture, 
&c.  We  remember  to  have  once  seen  a  kite 
which  resembled  a  man.  It  was  made  of  linen* 
cloth  cut,  and  painted  for  the  purpose,  and 
stretched  on  a  light  frame,  so  constructeci  as  to 
represent  the  outline  of  the  human  figure.  It 
stood  upright,  and  ^as  dressed  in  a  sort  of 
jacket  Its  arms  were  disposed  like  handles  ou 
each  side  of  its  body,  and  its  head  being  covered 
with  a  cap/  terminating  in  an  angle,  favoured 
the  ascent  of  the  machine,  which  was  twelve 
feet  in  height;  but  to  render  it  easier  to  be 
transported,  it  could  be  folded  double  by  means 
of  hinges  adapted  to  the  frame.  The  peisoa 
who  directed  this  kind  of  kite,  was  able  to  raise 
it,  though  the  weather  Vas  very  calm,  to  the 
height  of  nearly  500  feet  ;  and,  when  once  raised^ 
he  maintained  it  in  the  air  by  giving  only  a 
slight  motion  to  the  string.  The  figurç,  by  these 
means,  acquired  a  kind  ot  libration  like  that  of 
a  man  skaiting  on  the  ice.  The  illubion  occa* 
sioned  by  this  spectacle,  which  might  seein  fit 
only  for  amusing  school-boys^  did  hot  fail  to 
attract  a  great  number  of  curious  spectators. 

PROBLEM    LXX. 

Of  the  Dhining  Rod  ;   and  '  opinion  .  which  ue 

ought  to  J  arm  of  it. 

We  shall  speak   here  of  the  divining   rod^ 
merely  because  this  illu&ion^   or  philosophical 
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quackery,  made  at  one  time  a  great  noise,  and 
because  the  reader  will  doubtless  expect  to  find 
some  account  of  it  in  aM'orkofthis  kind:  were 
not  this  the  case,  such  idle  dreams  would  be  too 
contemptible,  and  too  unwo.rthy  of  the  philoso- 
phy of  the  present  century  to  deserve  notice. 

The  divining  rod  is  nothing  else  than  a  forked 
piiece  of  hazle,  the  two  branches  of  which  must 
be  15  or  18  inches  in  length,  and  form  an  angle 
.  of  30  or  40  degrees.     The  two  branches  are  held 
in  the  hands  in  a  certain  manner,  so  that  the 
trunk  or  middle  is  turned  towards  the  heavens. 
Some  persons,  it  is  said,  are  endowed  with  such 
a  property,  that  if  they  hold  this  rod  as  above 
described,  it  tends  by  a  violent  effort  to  turn  its 
trunk  downwards,  when  in  the  proximity  of  a 
spring,  or.  of  precious  metals  concealed  in  the 
bowels  of  the  earth,  or  stolen  money,  &c.    Nay, 
some  even  have  asserted  that  it  has  pointed  out, 
in  this  manner,  the  traces  of  criminals,  robbers, 
or  assassins.     An  instance  of  this  credulity,   too 
memorable  to  be  omitted,  took  place  at  Lyons, 
ill  consequence  of  a  murder  committed  on  the 
5ih  of  July  1692.     A  retailer  of  wine  and  his 
wife  were  both  found  murdered,   as  appeared,  by 
])lows  with  a  hedging  bill,  and  their  money  ^fas 
carried  away  from  a  shop  in  which  they  usually 
resided.    As  no  traces  were  found  of  the  assassin, 
recourse  was  had  to  James  d'Aymar,   a  native 
of  Dauphine,   who  about  that    period  had  ac-^ 
quired  great  reputation  and  many  partisans,  by 
means  of  his  divining   rod.     D'Aymar  having 
caused   himself    to    be  conducted   to    the   spot 
where  the  murder   had    been    committed,  was 
scarcely  entered,  when  he  fell  into  a  sort  of  a 
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fît.     As  soon  as  he  had  recovered,  after  making' 
a  thousand  contortions  and  movements  with  his 
rod,  he  promised  to   follow  the  track   of  the 
assassins*     He  took  the  rod  in  his  hand,  and, 
accompanied  by  a  clerk  of  the  police  and  some 
horsemen   of   the  Maréchaussée,  proceeded  to 
Beaucaire,  pursuing  the  same  route  which  he 
said  the  assassins  had  taken.     When  he  arrived: 
at  that  city,  still   guided  by  his  rod,  he  went 
straight  to  the  gate  of  the  prison,  in  which  it 
was   customary  to  confine   thieves  during  the  , 
time  of  the  fair.     On  the  gates  being  opened, 
twelve  or   fifteen   prisoners  were  presented  to 
him,  but  the  rod  turned  only  to  a  hump-backed  ' 
person,    who  had   been   caught  in  thç  act  of 
thieving.     He  was  conducted  to  Lyons,   con* 
fessed  his  crime,  and  was  broken  on  the  wheel 
in  the  place  des  Torreaux. 

The  assassin,  before  he  expired,  confessed  that 
there  were  tv/o  accomplices,  who  had  been  with 
him  at  fieaucaire,  and  who  had  quitted  that  city- 
when  they  heard  of  his  being  arrested  ;  but  that 
he  did  not  know  whither  they  were  gone.  *'  I 
shall  find  them  dead  or  alive/*  said  d'Aymar; 
and  again  taking  his  rod,  proceeded  to  Beaucaire, 
with  the  same  escort  as  l^efore.  When  he  ar- 
rived at  the  town,  he  asserted  that  the  assassins 
had  directed  their  course  to  Toulon  ;  he  pur- 
sued them  thither,  but  at  Toulon  his  rod  indi- 
cated that  they  had  embarked  :  a  vessel  was  sent 
iu  search  of  them  ;  but  they  were  not  found, 
and  d*Aymar  and  his  companions  returned  to 
Lyons. 
This  small  check  did  no  injury  to  d'Aymar  s 
,  reputation.    The  people  were  persuaded  that  he 


could  have  tracccl  theiri  to  the  end  of  the  world^ 
-  bad  it  beéh  làw'f ul  to  arrest  them  in  foreign- 
kingdoms.'  All  these  facts,  and  a  gr<*at  many 
more,  equally  surprising,  were  submitted  to  thd 
examinktiofi  of  M alebranche.  The  public  wished 
to  know,  from  that  great  man,  whether  they 
Gould  be  explained  physically,  in  the  same  man* 
ner  as  the  motion  of  the  magnetic  needle  to  the 
two  poles.  Malel)ranche,  naturally  cfedulous, 
admitted  them  without  distinction,  and  after  va- 
rious reasonings  concluded,  that  they  could  he 
explained' only  by  an  explicit,  or  at  least  im* 
plicit,  compact  with  the  evil  spirit.  From  Lyons, 
d'Aymar  proceeded  to  Paris,  to  which  he  was 
invited  by  the  prince  of  Gonti,  who  was  desirous 
of  having  an  opportunity  of  being  a  w'ttness  to 
the  pclwer  of  the  rod  which  he  employed.  The 
prince  carried  him  to  the  terrace  of  Chantilly, 
made  him  take  his  rod  in  his  hand,  and  ex* 
pected  that  it  would  turn  speedily,  because  the 
river  passes  below  that  terrace.  This  how«ver  was 
not  the  case  ;  for  the  rod,  in  whatever  manner 
disposed,  srill  remained  motionless,  Tlie  prince 
caused  gold,  silver,  and  flints,  to  be  concealed 
in  four  different  places  of  one  of  his  gardens, 
and  the  rod,  accustomed  to  indicate  metals, 
turned  only  to  the  bag  filled  with  flints,  and 
placed  at  a  considerable  depth  in  the  earth.  The 
prince  having  been  informed  that  an  archer  de 
guet  had  been  assassinated  in  the  rue  St,  Denis, 
repaired  thither,  accompanied  by  the  king's  ad- 
vocate and  d'Avmar.  After  care  had  been  taken 
to  blindfold  him,  he  was  carried  several  times 
past  the  place  where  tht  murder  had  been 
committed,    and   though   it   was  covered  with- 
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blood,  the  rod  still  remained  motionless.  IT  Ay- 
mar  was  therefoi^  expelled,  as  a  cheat  and  im- 
postor. It  does  not  appear  that  he  was  ever 
after  employed  in  the  southern  countries,  to 
purtue  criminals  who  had  fled  ;  for  we  do  not 
find  a  single  word  respecting  this  man  in  the 
history  of  that  period  :  it  is  even  said  that,  not- 
withstanding his  celebrity,  he  died  in  misery* 
There. is  reason  to  think  that  he  had  been  a 
witness  of  the  crime  confimitted  by  the  two» 
villains  at  Lyons,  and  that  being  desirous  to 
acquire  a  great  name  in  the  art  of  directing 
the  divining  rod,  he  followed  them  to  Beau- 
caire,  being  acquainted  with  their  project  of 
remaining  there  during  the  fair  ;  that  he  return- 
ed speedily  to  Lyons  to  announce  his  secret, 
and  in  this  manner  had  followed  their  track.  We 
must  consider  as  mere  fables  the  other  circum- 
stances added,  such  as,  that  he  knew  the  glasses 
from  which,  they  had  drunk,  the  knives  they 
had  used,  and  other  things  of  the  like  kind. 

How  could  rational  minds  imagine  that  an 
iaction  morally  bad,  could  communicate  any 
physical  quality  to  the  authors  of  it?  That 
the  murderer  of  a  human  being,,  or  stolen  mo- 
ney, should  have  an  effect  on  the  rod,  rather 
than  the  person  who  had  killed  a'  sheep,  or 
money  merely  displaced?  Those  who  can  beUeve 
in  such  reveries,. must  be  exceedingly  weak. 

Some  philosophers,  equally  credulous,  have 
confined  the  property  of  the  divining  rod  to 
turning  in  the  proximity  of  treasures  ;  that  is 
to  say,  considerable  masses  of  gold  or  silver,  or' 
to  fountains  or  collections  of  water,  &c.  In 
the  same  manner,  say  they,   as  the  magnet  ex- 


ercîses  an  action  on  iron^  by  invisible  particleg^ 
thiese  bodies»  by  a  peculiar  emanation,  may  ex- 
ercise an  action  on  the  wood  of  the  rod,  or  the 
anns  of  the  person  who  employs  it  ;  &c.  Ali 
this  6ne  reasoning,  and  much  more  may  be  seen 
in  a  work  called  la  Baguette  deoinatoirey  by  the 
abbé  Vallemont:  a  man  not  destitute  of  know- 
ledge»  but  credulous,  and  ready  to  adopt  every 
thing  connected  with  the  marvellous. 

Father  Kircher  also,  another  celebrated  man, 
bnt  no  less  fond  of  the  marvellous»  and  often  a 
dupe  to  his  credulity,  has  endeavoured  to  re- 
concile the  pretended  wonders  of  the  divining 
rod,  with  the  principles  of  sound  philosophy* 
Thus»  for  example,  he  formed  a  straight  rod» 
one  half  consisting  of  rock  salt,  and  the  other 
of  wood,  which  he  placed  in  equilibrium,  and 
having  exposed  it  to  the  vapour  of  a  warm  so- 
'  lution  of  marine  salt,  observed  that  the  saline 
.  half  inclined  downwards;  from  which  he  con- 
cluded, that  such  a  rod,  if  carried  above  a  mine 
of  salt,  might  point  it  out  by  losing  its  equili- 
brium. This  was  wretched  reasoning;  for  salt 
mines  do  not  exhale  vapours  like  hot  water  ; 
but  even  if  wc  suppose  this  to  be  the  case, 
pure  water  also  forms  sucli  vapours,  and  Kir- 
cher would  have  experienced  the  same  thing  if 
he  had  exposed  his  compounded  rod  to  the 
vapour  of  pure  water.  But,  it  would  be  losing 
time  to  discuss  such  ridiculous  notions,  which 
are  entertained  only  by  a  tew  credulous  minds, 
misled  by  impostors.. 

In  the  same  class  ought  to  be  placed  the  pre- 
tended wonders  of  one  Paranguc,  much  boasted 
pf  sowc  years  ago  in  the   southern  provinces  oï 


I^rance,  who  was  endowed,  it  is  said,  with  the 
wonderful  property  of  seeing  springs  in  the 
bowds  of  the  earth,  and  even  at  a  great  depth  : 
he  could  trace  out  their  course^  and  tell  nearly 
at  what  depth  they  were.  Every  day  announced 
some  new  fact,  which  attested  this  wonderful 
faculty  ;  and  books  were  written,  in  which  tibe 
authoi*s  endeavoured  to  explain  how  it  was  possible 
that  his  eyes  could  penetrate  to  the  bowels  of 
the  earth  ;  for  to  render  this  faculty  still  more 
wonderful,  it  was  believed  that  he  really  saw 
subterranean  objects  in  the  full  extent  of  the 
term.  But  this  impostor  had  not  the  same 
honour  as  d'Aymar  ;  he  was  not  invited  to 
Paris;  he  was  suffered  to  perform  his  wonders 
in  the  province  where  iic  was  bbm  ;  but  he 
soon  lost  his  reputation  there,  as  Well  as  in  the 
neighbouring  provinces.  The  plaice  where  he 
performed  his  greatest  miracles,  was  Monteli* 
mart  ;  where  the  magistrates  were  led  into  con- 
siderable expence,  in  consequence  of  their  trust- 
ing to  the  word  of  Parangue/  who  m&de  them 
dig  to  considerable  depths  to  find  water,  bat 
without  success.  The  partisans  of  the  impostor 
said,  that  they  were  too  soon  discouraged,  and 
that  they  would  have  certainly  found  water 
had  they  continued.  This  we  belie  Va  ;  and  if 
prophecies  be  understood  in  this  manner,  they 
cannot  fail  to  be  verified. 

We  have  heard  of  another  impostor  in  the 
same  country,  who  pretended  to  discover  con- 
cealed water  in  a  different  manner.  He. walked 
over  the  places  where  water  was  supposed  to 
exist,  and  was  always  attacked  by  violent  illness 
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fiM,h»{I  passed  ïh&^nï^pgi  Q;t4at-fy^,s 
îèttifl  ,,^', 
.  It  \TOtfJ(I  appear  that  the  folly  of  m»B  i»  end- 
.les3.  About  the  year  1738,.  a  woman  Mw  8«ep 
rtt  I-Isljpp  possesses!  ;  of,  a  ^mich  inor,ç.  ^Çraor- 
diii:\rj  jjroueiiy.  Al  tlie  3gç  of  âv&  yi^ars  ahe 
'éa.\v  ":i  (.-liiUl  in  Ihe  lidly  qÏ  Jj^ç'çfjok^  and  with 
great  si'iiij'iliC'ity  loU)  lier  ojoûi^;.  of  it.  The 
event,  il,  Ts  said,  iustiAcd  ttiegiTl,  whos^falents 
ahvays  continued  to  iiHprove.T  -  Vf  lien- .sl*e -at- 
tained to  a  certain  age,,  she,  cquld^jsee  loto  tlie 
humaii  hQfiy.  as  if  it  had  heen  (r^nsparçi)^  and 
evcn.'jip'îoïêd  out  to  tli,e  physicians  the  vjscera 
'àTtoçkçd  ^py-  disease.  .  pnè  thin?  however  very 
reipàït^&Ki'wjMj  0>Qt  s|ie  qould  not  see,  into 
the  h'ûmfiôi'tiédy  in'  this  .mavner, ,  except  wheft 
Hy^'DjiIlt^.  But  ihbug'h  light  clo^hkiff  inter- 
Cép^d^uie  view  of  what  was  beyond  i^  -the.  could 
SÈe.'.if  is  saifl,'  to  a'vèiy  .gceat  depth  in  the  earth. 
InTiIfé  ihanneri  Parangue.-  who  could  see  throvgh 
i'ipcl^s,. 'could  not  see  through  a  hoard.  In  regard 
to  tire  wonderful  .lady  of  Lisbon,  slie  saw  exceed- 
ijig-lywdlt.  and  even  read,  through  a  plank,  an 
inch  îirthickiiess._  Walking  one  day  when  a  child, 
she  SAW  a  mine  helow  the  caithj  and  itwa.s  in- 
deed found  that  there  existed  one  at  the  depth 
ûf  Co  fatliouis.  It  may  be  readily  conceived  that 
she  saw  siibtcrrancan  water  and  springs;  and  it 
i»  pretended  that  there  are  a  great  many  wells  at 
Lisbon,  which  wert  dug  .according  to  her  .indi- 
cations. To  hei-  also,  was  owing,  it  is  said,  the 
discovery  of  an  obelisk,  long  .concealed  nnder 
the  earth,  and  whidi  was  erected  as  a  deçaçation 
to  the^;^fy.   ..j  . 
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tt  is  related  also^  that  an  ecclesiastic  of  that 
capital,  could,  at  all  times,  discover  the  pre- 
sence of  subterranean  water,  by  looking  towards 
the  sun  at  noon.  He  saw,  it  is  said,  a  column 
of  vapour  rising  towards  that  luminary; 

All  these  ridiculous  tales  may  be  seen  in  a 
work  entitled  Mémoires  instruct^s  pour  un  Voy- 
ageur. Amst.  1738  :  they  were  compiled  by 
the  admirers  of  the  impostor  of  Montelimart  ill' 
order  to  prove,  that  what  is  related  of  the  latter 
was  not  impossible  ;  but  they  did  not  perceive 
that  they  were  attempting  to  prove  one  absurdity 
by  a  greater. 

But,  how  can  sound  reasoning  be expectcdfrom 
people  who  consider  it  as  a  fact  that  the  fountain 
of  Cintra  in  Portugal,  emits  a  ray  of  light,  which 
proceeds  in  a  straight  line  towards  the  sun  ;  that 
those  afflicted  with  the  jaundice  will  be  cured,  if 
they  see  (he  bird  called  Loriot  ;  that  a  furious 
elephant  becomes  immediately  calm  when  he 
sees  a  sheep;  and  many  other  things  of  the  like 
kind?  Such  people  are  capable  of  believing  that 
one  can  see  without  light  ;  and  it  may  be  said 
of  them,  that  though  they  have  eyes,  as  well 
as  light,  they  do  not  see,  at  least  with  the  eyes 
of  the  understanding. 
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PART  TWELFTH. 


Offfte  Magnetf  and  its  Various  PhenomenA 

\Jf  all  the  phenomena  exhibited  to  us  by 
nature,  magnetism,  or  the  properties  of  the 
loadstone,  and  electricity,  may  with  justice  be 
considered  as  the  most  extraordinary,  as  the 
causes  of  the  effects  produced  by  tiiem  have 
occasioned  the  greatest  difficulties  tophiloso^ 
phers  ;  for  it  must  be  confessed  that,  notwith'^ 
standing  all  their  attempts  to  explain  them,  we 
are  as  yet  acquainted  only  with  facts.  They 
have  been  able  indeed  to  apply  certain  hypothe* 
ses  to  some  of  these  phenomena  ;  but  if  we  exa* 
mine  these  hypotheses  with  an  unpreiudiced  eye, 
and  without  suffering  ourselves  to  be  the  dupes 
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of  illusion,  we  cannot  help  acknowledging  that 
they  have  little  solidity,  and  that  they  are  sub-» 
ject  to  difficulties  which  cannot  be  removed,  as 
long  as  we  make  it  g.  rule  to  reason  only  from 
the  known  properties  of  matter, -and  the  laws  of 
•  motion.  Eosterity  perhaps  will  be  more  success- 
ful ;  and,  assistecf  by  tinie  and  accumulated  ex- 
periments, will,  see  more  clearly  into  those  mat- 
ters ;  or  perhaps  they  may  for  ever  remain  an  im- 
penetrable secret  to  the  ^human  mind. 

In  this  pari  of  our  work  we  shall  confine  our- 
selves, in  speaking  of  the  magnet,  to  its  proper-r 
ties,  and  th$  philosopliical  amusements  which 
may  be  performed  Iw  their  means.  Electricity 
will  furnish  matter  wjjlis  succeeding  part, 

ARTICLE  I. 

Of  the  Nature  of  the  Magnet. 

The  magnH  is  a  metallic  stone,  commonly  of 
a  greyish  or  blackish  colour,  compact  and  very 
heavy,  and  is  usually  found  in  iron  mines.  It 
affects  no  particular  form  ;  ochibits  no  external 
marks,  to  distinguish  it  from  the  meanest  pro- 
ductions of  the  bowelfi' of  the  caith.  But  it3 
property  of, attracting  or  repelling  iron,  and  of 
directing,  itself  to  the  north,  when  at  full  liberty 
to  move,  gives  it  a  title  to  be  classed  among  the 
most  smgular  objects  of  nature, 

This  stone,  properly  speaking,  is  merely  an 
iron  ore,  but  or  that  kind  which  is  called  poor  ; 
because  it  contains  only  a  small  quantity  of 
metal.  Modern  metallurgist^  indeed  have  been 
^Ic  to  extract  iron  from  it  ;  bui^  besides  that  i( 
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ÎS  difficult  to  be  fused,  it  is  so  unproductive,  that 
it  would  not  pay  foFthe  èk'pénce  of  working  it. 

But  it  may  here  be  asked,  why  is  no^  -Çy^^y 
kin^  of  iron  ore  tnagnetic?  llii^  is  a  question  to 
which,  in  our  opinion,  no  answer  has  ever  been 
given.  Its^  magrietic  rWtûè  âViSes,  '  no  dôobti^. 
ht)ra  a  peculiar  coWbihatiop.  of 'iron*  Vk^th^^^^  he- 
terogcneouS'-partlclea  to  wlitch  it*5s  Urtited  ;  and 
perhaps  it'  ccyntaini  smnç' j>rincipîe  wîjich.  does, 
not  enter  into  the  othérîûrfçs  of  tnati?iietal  :  but 
it  must',  bel'  allowed-  that  this*  docs-  not  solve  the 
difficulty.  However,  it  is  not  impossible  thlàt 
chemical  analysis  may  some  day  discover  in 
what  this  combination  tiionsists;  and  it  is  not  im- 
probable, that  our  profound,  ignorance  respectât 
mg  the  physical  causes  of  the  actfôn  or  tke 
magnet,  liiay  arise  from  chemists  hàViii g  h itlierto 
neglected  to  make  this  production  of  nature  a 
subject  of  their  rcàéarclîés.  •  ^ 

Formerly,  the  loads tQne  was  exceedingly.  ra,rew 
The  name  rka^es^  by AVhieh  it  wâs'^bwri  b(hh 
among  the  Greeks  and  the  Romans,  seems  to  have 
originated  in  Magnesia,  a  province  of  Mace- 
donia, where  it  was  foniid  in  ^rwt  afcufedante^ 
or  which  ftiWished  the  flrst  magnets  knowoa. 
But  the  loadstbne  has  beett  sinee'fbhnd  In  alniort 
every  region  of  the  earth,  ^nd  particHjlkrly' lii 
iron  ttiinecr.  Tlie  island  of  Elb'jr,  so  cclebratol 
fot  its*  inines  «of  that'metiil,  Ayo;:ke(f  fi^om  the 
earliest  ages,  i4  saildto  furpish  the  lafg^t  aûrf 
best  magnets,      .     •         ' 
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I 

ARTICLE  IJ. 

Of  the  principal  Properties  of  the  Magneto 

The  ancients  were  acquainted  with  no  other 
proper^  of  the  macnet,  than  that  which  it  has 
of  attracting  iron  ;  nut  the  modernt  have  dis- 
covered several  others  ;  such  as  its  coqimunica-r 
iion>  its  direction^  declination  and  inclination  i  to 
whicl^t  we  may  add  its  annual  and  daily  varia- 
tiout 

Of  the  attraction  which  preoails  between  the  magnet 
and  iron,  or  between  one  magnet  and  mother. 

XXPfeRIMENT  u 

Which  proves  the  attractive  power  of  the  magnet 

aver  iron. 

Every  person  is  acquainted  with  the  attract- 
ive force  which  the  magnet  has  upon  iron.  If 
flings  of  that  metal  be  presented  to  a  magnet^ 
and  even  at  some  distance^  you  will  see  the 
filings  dart  themselves  towards  the  stone,  and 
adhere  to  it.  The  case  will  be  the  same  with 
any  small  and  light  bit  of  irqn,  such  as  a  needle  ; 
this  will  approach  the  magnet^  as  soon  as  it  i$ 
within  a  certain  distance  of  it^  according  to  the 
force  of  the  stone. 

This  experiment  may  be  performed  also  in  the 
following  manner.      Suspend  a  long  iron  needle. 
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in  a,  state  of  equilibrium,  by  means  of  a  silk 
thread,  or  rather  on  a  point  or  pivot,  so  as  to  leave 
it  at  full  liberty  to  move  :  present  to  it  a  mag* 
pet,  at  the  distance  of  several  inches,  or  even 
several  feet  ;  then,  if  the  magnet  be  tendowel 
with  proper  force,  you  will  see  one  end  of  the 
ijeedle  turn  towards  it,  until  it  be  as  near  to  it  af 
possible,  and  then  stop  in  that  position  ;  so  that 
if  the  situation  of  the  magnet  be  changed,  the 
needle  will  continually  follow  it.  If  the  needle 
float  on  water,  which  it  may  be  easily  made  to  do 
by  placing  it  on  a  small  bit  of  cork,  it  will  not 
only  turn  one  of  its  ends  towards  the  magnet; 
but  it  will  approach  till  it  come  in  contact  with 
it^ 

All  these. phenomena  will  take  place,  even  if 
there  be  between  the  magnet  and  the  needle  a 
plate  of  copper  or  glass,  or  a  board,  or  any  other 
body  whatever,  iron  excepted  ;  which  proves  that 
the  magnetic  virtue  is  not  intercepted  by  any  of 
these  bodies,  but  the  last. 

If  the  magnetic  virtue  then  is  produced  by 
molecule  agitated, .-or  put  in  motion  in  any' 
manner  whatever,/^e  tenuity  of  these  moleculs 
must  be  very  great,  or  at  least  superior  to  that  of 
any  other  emaiiations  with  which  we  are  ac* 
quainted,  such'  as  odours  ;  since  they  freely  tra* 
verse  all  metals  and  even  glass.  If  they  produce 
no  effect  through .  iron,  it  is,  in  all  probability, 
because  they  find  such  a  facility  of  moving  ia 
iti  or  have  such  affinity  with  it,  that  they  do  no^ 
pass  beyond  it>  but  are  thus  intercepted 


m 


074  PBOpEKTiEs  or 

EXPCmUEKT  ÏU 

Tofinithc  Poles ^of  m  Magnet 

'  i  '  '  . 

If  a  tnagnet  be  immersed-  in  iron  filings,  and 
^n  dra.wa  out»  it  will  be  found  covered  all  over 
with  tliem  ;  but  it  will  he  observed*  that  there 
arc*  two  places,  diametrically  opposite  to  each 
othert  which  are  tlie  poles,  where  the  filings  are 
closer,  and  where  the  small  oblong  fragments 
Qjtaad  aa  it  were  upright,  while  m  oChék*  pârt3 
they  lie  flat. 

By  this  experiment  we  are  enabled  to  find  the 
poles  of  the  magnet.  Every  magnet  indeed  has 
tWQ.poiesror  two  opposite  points,  which,  a^  will 
Ve  seen  hereafter,  possess  different  and  peculiar* 
properties.  One  of  these  points  is  called  the  north 
pplfi  and  the  other  the  south;  because,  if  the 
ipagnet  ht  freely  suspended,  the  former  will  turn 
of  itself  to  tlie  north,  and  consequently  the  other 
will  be  directed  to  the  south.  When  it  is  in- 
tended, to  perform  experiments  with  a  magnet, 
these  two  points  must  be  first  determined. 

I 

EXPERIMENT    III. 

Properties  of  the  Poles  of  the  Magnet,  in  regard 

to  each  other. 

Provide  a  magnet;  and  having  determined 
its  two  poles,  make  it  float  on  the  water  by 
placing  it  on  a  piece  of  cork  of  a  proper  size; 
if  you  then  present  to  the  north  pole  of  this 
stone  the  same  pole  of  another,  the  former  will 
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be  repelled,  insteajd .  of  attracted  ;  but  if  you 
present  to  its  north  pole,  the  south  pole  of  an* 
other,  it  will  be  attracted. 

In  like  manuer,  if  to^^the  south  pole  of  the 
former  you  present  the  south  pole  of  the  lat« 
ter,  the  fii'st  will  recede;  but  if  ypu  present 
to  this  south  pole,  the  north  pole  of  the  second, 
U  will  approach. 

The  poles  then  of  the  same  name,  repel  ;  and 
tho^e  of  a  different  name,  attract  each  other. 

EXPERIMENT   IV. 

To  produce  Netv  Poles  in  a  Magnet 

•  If  a  magnet  be  cut  in  a  direction  pçrpendîcular 
to.  the  axis  passing  through  its  two  poles  A  and 
B,  pi.  6  fig.  37,  there  will  be  formed  by  the 
section  two  new  poles,  such  as  E  and  E  ;  so  that 
if  A  be  the  south  pole  of  the  whole  stone,  E  will 
be  a  north  pol^,  and  F  a  south  pole.  By  this 
bisection,  therefore,  the  north  side  of  the  stone 
will  acquire  a  south  pole,  and  the  south  side. a 
north  pole. 

A  magnet,  however  good  it  may  be,  unless  it 
be  very  large,  will  scarcely  support  a  few  pounds 
of  iron  ;  and,  in  general,  the  weight  which  a 
magnet  can  carry,  is  always  very  much  below  its 
own  weight.  But  means  have  been  found  out, 
by  employing  what  is  called  arming,  to  make  it 
produce  a  much  more  considerable  effect.     We 
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shall  therefore  describe  the  method  of  arming  a 
magnet. 

First  give  the  magnet  a  figure  nearly  regular, 
and  square  its  sides  where  the  two  poles  are 
sttuateo,  so  that  these  two  sides  may  form  two 
parallel  planes.  Then  make,  of  soft  iron,  for 
steel  is  not  so  good,  two  pieces,  such  as  that 
seen  fig.  38,  the  long  and  flat  side  of  which  may 
be  of  the  same  length  and  breadth  as  the  faces  of 
the  magRet  where  the  poles  are  situated.  The 
proper  thickness  however  of  this  side,  as  well  as 
the  projection  oF  the  foot,  and  its  thickness,  can 
be  found  only  by  repeated  trials.  These  two 
pieces  must  embrace  the  magnet  on  the  two' 
faces  where  the  poles  are  situated,  the  feçt  pass- 
ing below  as  if  to  support  it  ;  and  they  must  be 
fastened  in  that  situation  by  transverse  bands  of 
copper,  surrounding  the  magnet,  and  compress- 
ing the  long  branches  of  these  pieces  against 
the  faces  of  the  poles. 

Then  provide  a  piece  of  soft  iron,  of  the  form 
seen  fig.  39,  a  little  longer  than  the  distance  be- 
tM'een  the  bands  of  iron  applied  to  the  poles  of 
the  magnet,  and  in  thickness  somewhat  more 
than  the  flat  faces  of  the  lower  part  of  the  feet 
of  the  arming.  In  regard  to  the  height,  it  must 
be  regulated  by  what  may  appear  most  con- 
venient. Pierce  a.  hole  in  it  towards  the  middle, 
to  receive  a  hook  for  the  purpose  of  suspending 
from  it  the  weight  to  be  supported  by  the  mag- 
net. Fig.  40  represents  an  armed  magnet,  which 
will  be  sufficient  to  give  an  idea  of  the  Avhole 
arrangement,  without  any  farther  explanation. 

A  magnet  armed  in  tnis  manner  will  support 
a  much  greater  weight,  than  one  not  armed.     A 


stone,  for  example,,  of  a  «or  3  ouircesi  will  by 
these  means  support  50  or  60  ounces  of  iron; 
that  is,  20  or  30  times  its  own  weight. 

Lemery  says  he  saw  a  magnet^  of  the  size  of 
a  modeiiate  apple,  which  supported  22  poupds. 
Some  have  been  seen,  of  1 1  ounces,  whlcn,  could  . 
support  28  pounds.     The  sum  of  5000  livrer 
(above  £.  aoo  sterling)  was  asked,  for  it.     M.  de 
Condamine,  of  the  Royal  Academy  of  Sciences, 
possessed  one,  given  to  him  by  Maupertuis^  which 
was  capable,,  we  believe,  of  supporting  a  weight 
much  greater  than  any  other  magnet  known. .  vVe 
do  not  remember  its  dimensions,  or  its  weight, 
neither  of  which  was  very  considerable  ;  but,  if 
we  recollect  right,  he  used  to  say  that  it  could 
support  sixty  pounds. 

II. 

Researches  have  been  made  to  discover,  whether 
there  be  any  other  bodies,  besides  iron,  susceptt-» 
ble  of  being  attracted  by  the  magnet  ;  from 
which  it  appears  indeed  tliat  there  are  not.  Yet 
Muschenbroek  says,  that  the  magnet  seemed  to 
exercise  an  action  on  a  ^one  which  he  calls. 
Lough-neagh.  We  are  not  acquainted  with  this 
stone.  But  it  is  probably  some  kind  of  iron  ore,' 
in  iVhich  that  metal  is  very  little  mineralised. 

In  his  Cours  de  Physique  Exptrunentale,  Chap. . 
VII,  he  gives  an  account , of  some  trials,,  made 
on  a  great  many  different  kinds  of  matter,  to. 
ascertain  whether  they  Avere  susceptible  of  being, 
attracted  by  the  magnet.  He  found  that,  this 
stone,  without  any  .preparation,:  attraote4  the* 
vhglc.or  a  great  many  of  the  particles'  iu  differ- 
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ént  kind»  of  sand  çhd  earth,  whîcKiié'éntftrtcff- 
ates.  Several  otfiera  presented  no  particles  sus- 
ceptible of  attraction  T)^  the  magnet,  until  they 
had  beett  exposed  to  ihe  action  pf  fire,  b}'  bring- 
ing'them  to  a  red  heat,  and  burning  thera  with^ 
soap^ 70P  charcoal,  Or  grease:  after  which,  says 
he,  they  were  attracted  by  the  unagn^t,  ^?ith 
almost  as  much  force  as  iron  filings;" strch,  add$ 
he,  are  the  earth  of  which  brides  are  màie,  and 
whifch  becomes  red  when  burnt  ;  alsp  different 
kinds  of  bole  and  coîôured  sàhd.  "Others, 
when  burnt  in  this  mantfer,  presented  only  a  few 
particles,  susceptible  of  being  attracted  by  the 
magnet:  of  these  he- gives  à  long  enumeration, 
which  we  shaH  not  here  repeat. 

This  will  not  appear  surprising,  if  we  compare 
the  two  following  facts:  the  first  is,  that  the 
magnet  never  attracts  rron,  but  when  in  its  me- 
talhc  state  ;  and  that  it  has  no  action  on  this 
metal  when  calcined,  or  reduced  to  the  state  of 
an  oxyde  :  the  second  is,  that  iron  is  universally 
diffnsed  throughout  riiatture,  and  in  allijost  all 
bodies,  more  or  less  distant  from  its  metallic 
state,  as  will  be  seen  hereafter.  Bodies  which 
contain  it  in  its  metaUic  state,  are  all,  or  in  part, 
susceptible  of  being  attracted  by  the  magnet, 
without  any  preparation  :  but  in  others,  it  is  not 
susceptible  of  attracti(Mi  till  it  has  been  burjit 
with  fat  matters,  which  restore  it  to  its  metallic 
state.  Such  is  the  only  cause  of  the  phenomenou 
which  seems  to  have  embarrassed  Muschenbroek. 
It  would  have  occasioned  no  difficulty,  bad  he 
been  as  well  acquaiirted  with  chemistry,  as  with 
the  other  branches  of  philosophy. 

An  English  navigator  says,  he  observed  tfcat 
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grease^  ^hîpliiliappenedrtoifall^oti  theglaM  6f  à 
xnar)aer>  oompaas,  distmbed  the  magnetic  needl^ 
and  tbât:brad$i{iroduced:tihé  wme  effect.  If  ^Kis 
olf^erva^ttW  be  oortect^'^rei^must  conclade,  t^t 
tbp  f4\(\^  and  brass  aocidbatalfy  coittained  ^omé 
ferrviginoiiapaiticles  ;  fbrrmiour  opinion  it  may  be 
çoQsîdfred^  certain,  that  iron  alone^  in  its  me-' 
taliic.  ajtate,  bas  the  power  of  acting  on  the  mag- 
net^ Md  is  su$ceptible  of  beuDg^attpacted  by  it. 


...     EXPEKIMEfTT-V. 

77ie  Direction  of  the  Magnetic  Current. 

Place  an  unarmed  magnet  on  a  piece  of  pasjte- 
board^  and  thro^  iron  filings  around  it:  if  you 
then  tap  gently  oa  the  pasteboard,  y6u  will  see 
all  tibe  ^mgs  arrange  themselves  aroimd  the 
magnet»  in  curved  lines,  which,'  approaching 
each  other  like  the  meridians  in  a  n^ap  of  tihe^ 
woijd,  meet  at  its  two  poles. 

This  experiment  favours  the  opinion  of  those 
who  think  that  the  magnetic  phenomena  depend 
on.  A  iluid»  which  issues  from  one  of  the  poles  of 
the  ^tone,  and  enters  at  the  other,  al^er  having 
circulated  around  it. 

EXP£RI3£fiVT  Vf. 

Which  prmta  that  the  magnet  and  iron  herve  a 
Mutual  Action  on  each  other. 

Place  two  magnets,  or  a  magnet  and  a  piece 
of  iron,  on  two  bits  of  cork,  made  to  float  in  a 
bason  of  water.     Having  then  turned  the  north 
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pole  oi  the  one  towards  the  south  pole  of  thd 
ot&er>  provided  two:  magnets  are  employed,  if 
ibe.  two  pieces  of  cork  be  left  to  themselves,  you 
wUl  see  them  proceed  towards  each  other  ;  the 
weaker  moving^  faster  than  the  othen  The  case 
will  be  die  same,  if  a  bit  of  iron  be  presented  to 
the  north  pole  of  thé  magnet.  Tliis  attraction 
then  is  reciprocal  ;  and  it  may  be  said  that  the 
kon  attracts  the  magnet,  as  much  as  the  magnet 
does  the  iron.  Tliis  indeed  must  necessarily  be  the 
case,  since  there  is  no  action  without  re-action, 
and  as  the  latter  is  always  equal  to  the  former. 

a 
t 

REMARK. 

.  Musclienbrpek  .endeavoured  to  determine  in 
what  ratio  the  action  of  the  magnet  decreases, 
according  to  the  distance;  and  he  thought  he 
observed,  that  its  attractive  force  decreased  in- 
tlie  quadruple;  ratio^  or  as  the  4th  powers  of  the 
distances.  Thus,  if  at  a  line  distance,  a  particle 
of  iron  is  attmcted  with  a  force  equal  to  i  ;  at 
2  lines  distance,  that  force  will  be  16  times  less  ; 
at  3  lines,  81  times  less  ;  at  4  lines,  a^6  times 
less  ;  and  sa  of  the  rest.  This  action  perhaps 
decreases  still  more  rapidly  ;  for  in  a  ship  of  war 
lacie9  with  large  iron  cannon,  it  is  not  observed 
that  they  have  a  sensible  action  on  the  compass. 
In  our  opinion  however,  it  would  be  prudent  to 
remove  them  to  as  great  a  distance  as  possible. 
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§•  II. 

Of  the  Communication  of  the  Magnetic  Property. 

Magnetism,  or  the  property  of  attracting  iron, 
an.cl  of  turning  tOM^ards  a  certain  point  of  the 
heavens,  is  not  so  peculiar  to  the  magnet,  as  to 
fee  incapable  of  being  communicated  ;  but  no 
bodies  have  yet  been  found  susceptible  of  this 
communication,  except  iron  and  steel.  About 
a  century  ago  ic  was  beheved  tliat  contact  alone, 
or  the  continued  presence  of  a  magnet,  could 
produce  this  effect,  but  a  method  has  since  been 
discovered,  to  render  a  piece  of  iron  magnetic, 
without  the  magnet;  and  these  artiiicial  magnets 
are  even  susceptible  of  acquiring  a  strength  rarely 
found  in  natural  magnets.  We  shall  give  an 
account,  in  the  following  experiments,  of  the 
different  methods  of  communicating  the*  mag* 
netic  virtue. 

EXPERIMENT  VII, 

Method  of  Magnetishigi 

Provide  a  magnet,  either  armed  or  unarmed, 
and  make  one  of  tlie  feet  of  the  armour,  or  one 
of  the  poles,  to  pass  over  a  plate  of  tempered 
hteel^  such  as  the  blade  of  a  knife,  but  nroceed* 
ing  always  in  tlie  same  direction,  from  the 
middle,  for  example,  towards  the  point.  After 
performing  this  operation  a  certain  number  of 
times,  the  plate  of  iron  will  be  found  to  be  mag- 
netised, and,  like  the  magnet  itself,  it  >viU  at- 
tract iron,  if  placed  within  the  sphere  of  its  at- 
traction. 

The  case  will  be  the  same,  if  a  long  slender  bit 
of  steel  be  left  a  long  time  attached  tp  a  magnet  : 

VOL.  IV,  u 
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the  steel,  by  remaining  in  that  situation,  will  a(y> 
quire  the  magnetic  property;  it  will  have  polçs 
like  the  magnet,  so  that  the  north  pole  will  be  at 
the  end  which  was  near  thesouth  pole  of  the  stone, 
and  the  end  which  touched  the  north  pole  will 
become  the  south  pole« 

EXPERIMENT    VIII. 

^letkod  of  viahing  an  Artificial  Magnet  with  bars 

of  steely 

We  shall  here  shew  the  method  of  making, 
^vith  bars  of  steel,  an  artificial  maenet,  much 
stronger  than  a  natural  one.  For  this  purpose, 
provide  twelve  bars  of  tempered  steel,  aoout  six 
inches  in  length,  six  lines  in  breadth,  and  two 
in  thickness.  Care  tnust  be  taken,  before  they 
'  are  tempered,  to  make  a  mark  with,  a  punchy  or 
in  any  other  manner,  at  one  of  their  extremities. 
Arrange  six  of  these  bars  in  a  straight  line,  but 
so  as  to  be  in  contact,  and  that  the  marked  ends 
shall  be  directed  towards  the  north;  take  an 
armed  magnet,  and  place  it  on  one  of  these  bars, 
with  its  north  pole  towards  the  marked  end,  and 
the  south  pole  towards  the  other  end  ;  then  move 
the  stone  over  the  whole  line,  beginning  at  the 
vnmarked  end  of  the  first,  and  repeat  this  opera- 
tion three  or  four  times. 

When  this  is  done,  remove  the  two  bars  in  the 
middle,  and  substitute  them  for  those  at  the 
two  extremities,  which  must  be  placed  in  the 
middle  ;  then  move  the  stone  in  the  same  direc- 
tion over  the  four  bars  in  the  middle  only  ;  for 
it  is  needless  to  comprehend  those  at  the  ex- 
tremities ;  and  invert  the  whole  line,  that  is  to 
say  turn  up  the  face  which  was  turned  down- 
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Avards^  ^nd  magnetise  the  bars  again  in  the  same  - 
rtianner,  taking  care  to  transposé  theT)ars  at  the 
extremities  info  the  place  of  the  middle  ones.  • 

By  these  means,  you  M'ill  have  six  magnetised, 
bars,  which  must  be  formed  into  two'parçek,! 
each  containing  three.  In  these  parcels,  the 
northern  extremities  must  be  towards  the  same 
side,  but  when  the  one  parcel  is  placed  upon  the 
other,  care  must  be  taken  that  tne  northern  ex- 
tremities of  the  bars  of  the  one  may  rest  upon 
the  south  extremities  of  those  of  the  other.  These 
two  parcels  must  touch  at  their  upper  part^  and  be 
separated  on  the  other  sid^  this  separation  may 
be  effected  by  means  of  ia  bit  of  ;wood  placed 
between  them. 

Then  place  the  six  bars  which  were  hot  touched 
in  the  saine  manner  as  the  preceding  six,  and 
magnetise  them  as  above  described,  by  means 
of  the  double  parcel  of  the  former;  that  is.  to 
say,  by  drawing  the  two  extremities  north  and 
south  of  this  double  parcel  over  the  new  series 
of  bars  :  you  will  thus  have  six  bars  much  more 
strongly  magnetised  than  the  foritter.  Then  make 
a  line  of  the  six  former,  and  magnetise  them  in 
the  same  manner  with  the  double  parcel  formed 
of  the  second,  according  to  the  same  method, 
and  you  will  obtain  bars  of  steel  capable  of  sup- 
porting 1 6  times  their  weight,  and  more. 

This  is  the  process  of  Mr.  Michcll,  fellow  of 
the  Royal  Society  of  London.  Mr.  Canton,  â 
celebrated  observer  df  the  phenomena  of  '  the 
magnet,  has  given  a  method  of  effecting  the  same 
thing,  and  M.  Duhamel,  of  the  Academy,  of 
Sciences,  another,  which  may  be  seen  in  a 
small  treatise  %iti  Artificial  Magnets,  printed  in 
1 775.    We  shall  say  nothing  farther  on  this  subi- 
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jèct,  but  dhly  rettiark,  that  by  these  processes, 
the  weakest  commencement  of  magnetism  is 
ïïûf&tieùt  to  produce  magnetic  bars  of  the  greatest 
fbtce.  It  is  not  even  j;iecessary  to  have  a  mag- 
net^ for,  în  the  following  experiment,  we  shall 
describe  Various  methods  of  communicating  mag- 
netism without  one. 

ÉX]^£tlIH£NT  IX. 

To  produce  the  magnetic  virtue  in  a  bar  of  iron, 
without  the  use  of  a  magnet. 

ITo  propose  communicating  the  magnetic  virtue 
without  tne  use  of  a  magnet  is,  no  doubt,  a  sort 
of  paradox.  This  however  has  been  effected  in 
consequence  of  some  theoretic  considerations  io^ 
regard  to  the  nature  of  the  magnet,  and  the 
xnanner  in  which  the  magnetic  fluid  acts  on  iron. 
A  magnet  therefore  iâ  not  necessary  to  produce 
the  commencement  of  magnetism,  which  may 
be  afterwards  increased  to  a  considerable  degree 
by  the  process  before  explained. 

Canton,  Mitchell,  and  Antheaume,  have  given 
different  methods  for  magnetising  without  a 
toagnet  According  to  Mr.  Canton,  take  a 
t)oker,  and  having  placed  it  between  your  knees, 
m  a  vertical  direction,  with  the  point  downwards, 
affix  lengthwise  to  its  upper  part,  by  means  of  a 
silk  thread,  a  small  plate  of  soft  tempered  steel  ; 
then  holding  this  apparatus  in  the  left  hand  by 
the  silk  thread,  take  a  pair  of  tongs,  and,  holding 
them  almost  vertically,  rub  the  small  bar  from 
the  bottom  upwards,  about  a  dozen  of  times,  with 
the  lower  end  of  them  :  by  these  means  you  will 
Communicate  to  it  a  magnetic  force,  capable  of 
inakiftg  it  support  a  small  key. 
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Mr.  Mitchell  employed  another  method.  Plac^ 
says  he^  a  small  bar  of  steel  in  a  straight  line 
between  two  iron  bars,  in  th^  direction  of  the 
magnetic  meridianj^  and  in  such  a  manner^  that 
tbey  shall  be  somiswhat  inclined  towards  the 
jijofth:  then  take  a  third  bar^  and  holding  it  al* 
most  vertically,  but  with  the  upper  extremity  a 
little  inclined  towards  the  souths  glide  the  lower 
extremity  of  this  bar  along  the  three  other  bars 
situated  in  a  straight  line,  taking  care  to  make 
it  move  from  north  to  south  :  the  result  will  be 
a  commencement  of  the  magnetic  virtue  in  the 
bar  of  3teel. 

M.  Antheaume*s  method  is  as  follows  :  First 
fix  a  board  in  the  direction  of  the  magnetic  cur- 
rent ;  that  is,  inclined  at  an  angle  of  about  70 
degrees  towards  the  horizon,  so  that  its  hori- 
zontal projection  shall  make  one  of  about  20  de* 
grees.  Then  place  in  a  line,  on  that  board;  two 
square  bars  ot  iron,  four  or  five  feet  in  length, 
or  even  more,  and  15  lines  in  thickness:  ttiey 
must  be  filed  sauare  at  the  extremities  which  aire 
opposite  to  each  other.  Each  of  these  extremi- 
ties must  be  furnished  with  a  small  aquare  of 
iron  plate,  two  lines  in  thickness,  so  as  to  pro* 
ject  beyond  the  upper  face  of  the  bar  the  height 
of  a  lipe,  and  filed  square  on  that  side,  to  form 
above  the  bar  a  kind  of  knee.  The  three  other 
sides  of  this  square  of  iron  plate  must  slightly 
touch  the  corresponding  faces,  and  be  cut  into 
a  bevel.  In  the  last  place,  a  small  bit  of  wood 
must  be  pUced  bet^'een  the  arming  of  the  ex- 
tremities of  these  two  bars. 

When  every  thing  is  thus  arranged,  glide  the 
bar  of  ateel  to  be  magiietised,  over  the  two  knees 
aboye  described^  by  making  it  move  gently  ftiMa 
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one  of  its  *ends  to  the  other,  as  an  iron  bar  is 
in^gnetised^  on  the  two  knees  of  its  arming;: 
^i>,  Antheaume  says^  he  was  surprised  to  find 
.that  he  could  magnetise  by  this. method,  not 
jonly  small  bars  of  steel,  as  Messrs.  Canton  and 
,  Michell  did,  but  bars  of  a  foot  in  lengthy  and 
«everal  lines  in  thickness. 
-  The  same  philosopher  says,  he  observed  that 
steel  de  carnie^  or  à  la  rose,  and  English  steel, 
^re  the  fittest  for  this  purpose;  that  the  opera- 
tion succeeds  best  with  the  first  kind,  when  tern- 
Kred  hard  in  the  usual  manner,  and  that  £ng- 
h  steel  requires  to  be  tempered  in  bundles  : 
lastly,  that  if  steel  tempered  and  annealed  be 
employ ed|  the  temper  is  a  matter  of  indiffer- 
ence. 

REMARK. 

Even  the  rubbing  of  one  piece  of  iron  over 
another  is  not  necessary  to  produce  the  magne- 
tic virtue.     It  has  been  observed  that  a  bar  of 
iron,  kept  for  a  long  time  in  the  direction  of  the 
meridian,  or  in  a  situation  nearly  approaching  to 
-  it,  acquires  the  magnetic  virtue.     The  steeple  of 
Notre  Dame  dc  Chartres  having  been  consider- 
ably damaged  by  a  great  storm  in  1690,   some 
•  bars  of  iron  taken  from  it  were  found  to  be  mag- 
'  netic..    But,  what  is  still  more  remarkable,  pieces 
;-ôf  these  bars,  which  were  almost  destroyed  by 
.jrust,  formed  excellent  magnets.     The  Abbé  de 
Vallemont  wrote  at  that  time  an  account  of  them, 
which  was  published  in  1692. 

Gilbert,  an  English  physician  and  philosopher, 
who  wrote  a  treatise  on  the  magnet,  in  1640, had 
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tlben  observed  that  the  small  bars  of  an  iron  win- 
dow frame,  placed  north  and  sDuth^  which  had 
remained  many  years  in  the  same  position/ were 
become  niagnetic.  I^ë  relates  also*^  that  the 
wind  haying  bent  an  iron  bar  which  suppbfted 
an  ornàilient  on  the  cbui'ch  of  St  Augustine^  at 
Rimini,  when  the  monks  belonging  to  it  were 
desirqus,  ten  years  after,  to  straighten  this'  bar^ 
they  were  much  surprised  to  find  that  it  possessed 
all  the  properties  of  a  good  magnet.  Muschen- 
broek  speaks  of  a  similar  circumstance,  in  regard 
to  some  pieces  of  iron  taken  from  the  tower  of 
Delft.  We  read  also  in  the  Memoirs  of  the 
Academy  of  Sciences,  for  the  year  1731,  that 
there  was  at  Marseilles  a  bell  which  moved  on 
an  iron  axis,  standing  in  an  east  and  west  direc^-^ 
tion,  and  resting  with  its  two  ends  on  stone  ;  that 
the  rust  of  these  ends  mixing  with  the  dust  rub- 
bed from  the  stone^  and  with  the  oil  used  to  fa- 
cilitate its  motion,  formed  together  a  hard  and 
heavy  mass,  which  when  detached  was  found  to 
possess  all  the  properties  of  the  magnet  It  is 
oelieved  that  this  bell  had  existed  in  that  situ- 
ation 400  years. 

Gilbert  observes  also,  that  if  a  bar  of  iron, 
placed  north  and  south,  be  brought  to  a  red  heat 
m  a  forge,  and  be  then  beat  on  the  anvil  in  the 
same  position,  it  will  acquire  the  magnetic  vir- 
tue ;  and  that  if  this  virtue  be  not  immediately 
sensible,  it  will  become  bo  by  repeating  the  opè# 
ration.  But  it  is  to  be  observed,  that  for  this 
purpose  the  length  of  the  iron  must  be  100  or 
150  times  its  diameter.     The  case  is  the  same 

*  Book  in.  chap.  13. 
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with  a  bar  of  iron^  if  it  be  heated^  and  thei^ 
cooled  in  the  directioR  of  the  meridian. 

The  following  conjecture  of  this  philosopher, 
however,  has  riot  been  verified.  He  says  tliat  if 
a  spherical  fornv  be  given  to  a  magnet,  and  if 
Its  two  poles  be  at  the  extremities  ofa  diameter; 
this  spherical  magnet,  when  placed  in  complete 
equiliorium,  and  suspended  on  its  poles,  will  turn 
round  its  axis  in  twenty-four  hours  :  for  as  the 
earth,  adds  he,  is  but  a  large  magnet,  it  must 
have  a  similar  motion.  This  would  liave  been  a 
pretty  strong  proof  of  the  motion  of  the  earth, 
at  least  around  its  axis;  but  M.  Petit,  an  indus** 
trious  philosopher  of  the  last  century,  having 
taken  the  trouble  to  make  the  experiment  pro- 
posed by  Gilbert,  the  small  magnetic  globe. re- 
mained perfectly  motionless.  This  does  not  how- 
ever prevent  the  motion  of  the  earth  from  being 
certain,  and  it  may  even  be  considered  as  a  lai'g^e 
magnet,  though  Father  Grandaniy  concluded, 
from  the  failure  of  Gilbert's  experiment,  that  the 
earth  was  motionless. 


ARTICLE    III. 

Of  the  Dinrtiun  of  the  viagnct  ;  and  of  its  De- 
clination and  Variation. 

EXPERIMENT    X. 

To  find  the  Di7'ection  of  the  magnet. 

Having  found  tlie  poles  of  a  magnet,  if  you 
place  it  on  a  small  bit  of  cork,  and  make  th^ 
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cork  to  float  on  water,  it  will  always  place  itself 
in  one  direction. 

The  case  will  be  the  same  with  a  magnetic 
needle  made  to  float  on  water  by  the  same  means, 
or  suspefnded  on  xfinerpivot^  so  as  to  be  at  fuU 
liberty  to^move  :  it  will  always  assume  the  same 
<ijrect!on. 

To  make  a  needle  place  itself  north  and  south, 
it  is  not  even  necessary  that  it  should  be  ma^ 
netised.  When  exceedingly  light,  and  perfectly 
iree  to  move,  it  spontaneously  assumes  that  di- 
rection. 

If  a  very  slender  common  needle  be  made  to 
float  on  the  surface  of  water  in  a  state  erf  perfect 
rest  ;  at  the  end  of  some  hours  it  will  be  found  in 
the  same  direction  as  that  suddenly  assumed  by 
the  magnetic  needle. 

The  direction,  according  to  which  a  needle, 
whether  magnetised  or  not,  arranges  itself,  is 
called  the  magnetic  meridian,  and  must  be  care- 
fully distinguished  from  the  terrestrial  or  true 
meridian  ;  for  we  shall  soon  shew  that,  in  gene- 
ral, they  fonn  an  angle  with  each  othen  Philo- 
sophers agree,  almost  unanimously,  in  thinking 
that  this  property  of  the  ma^et  is  produced  by 
a  current  of  a  particular  fluid,  surrounding  the 
earth,  and  which,  passing  through  the  magnet 
lengthwise,  or  from  one  pole  to  tlie  other,  makes 
it  assume  its  proper  direction. 

What  is  very  singular  is,  that  not  only  the 
magnetic  meridian,  in  almost  all  places  of  the 
earth,  is  different  fron)  the  terrestrial  meridian  ; 
declining  sometimes  to  the  east  and  sometimes  to 
the  west  ;  but  that  this  declination  varies  annu- 
ally, as  is  proved  by  th^  following  éxperlii^nts 
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EXPERIMENT   XI. 


If  a  magnetic  needle  be  suspended  on  a  pivots 
in  the  direction  of  a  meridian  line>  traced  out 
with  great  care^  and  at  a  distance  from  any  iron> 
you  will  generally  find  that  the  direction  it  takes 
will  form  an  angle  with  the  meridian.  In  1770^ 
for  example,  it  was  at  Paris  19®  55'  west. 

If  the  experiment  be  repeated  some  years 
after,  it  will  be  found  that  this  angle  is  not  the 
.fame  ;  but  that  it  has  increased  or  decreased.  In 
1750,  for  example,  it  was  at  Paris  17®  15'  west; 
m  1760  it  was  observed  to  be  i8®  45'  ;  in  1770 
19*^  Ss\  or  even  20  degrees  and  some  minutes. 
J^nd,  at  London,  in  1800,  it  was  about  22^  30'. 

REMARK. 

In  the  greater  part  of  our  continent,  as  well  as 
in  all  North  America,  except  that  part  of  it 
which  is  nearest  the  Gulph  of  Mexico,  the  de- 
clination is  at  present  west,  and  goes  on  continu- 
ally increasing.  In  all  North  America  and  all 
the  Gulph  of  Alexico,  as  well  as  part  of  the  Pa- 
cific Ocean,  between  the  tropics,  and  on  the 
southern  coast,  the  declination  is  east,  and  goes 
on  continually  decreasing. 

The  celebrated  Dr.  Halley,  having  taken  the 
trouble  to  collect  a  prodigious  number  of  observ- 
ations, made  by  difterent  navigators,  published 
in  1700  a  very  curious  chart,  in  which  he  con- 
îiected,  by  lines,  all  those  places  of  the  earth 
where  the  declination  of  the  magnetic  needle  was 
the  same.     It  is  thejre  seen,  for  example,  that 
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the  line  on  which  the  magnetic  needle  in  1700 
had  no  declination,  divided  nearly  the  southern 
part  of  the  Atlantic  Ocean^  and  cut  the  equator 
towards  the  first  degree  of  longitude^  or  at  its 
intersection  with  the  first ^ meridian;  it  thence 
proceeded  in  à  curved  line  to  New  England,  and, 
traversing  New  Mexico  and  California,  stretched 
to  the  north  of  the  Pacific  Ocean.  In  all  proba- 
bility it  reached  Asia,  then  passed  to  the  north  of 
Taitary,  .and  proceeding  through  China,  tra- 
versed New  Holland.  On  the  south  and  west  of 
this  line,  the  declination  was  east  ;  on  the  north 
and  east  it  was  west. 

By  other  observations,  made  at  a  later  period, 
it  appeared  that  this  line  was  displaced  ;  and 
that  it  had  in  some  manner  a  motion  towards 
the  south-west,  changing  a  little  its  form.  Ac- 
'  cording  to  those  observations  collected  by  Messrs. 
AJ^oiintain  and  Dodson,  of  the  Royal  Society,  it 
traversed,  in  1744^  the  middle  of  the  Atlantic 
Ocean,  nearly  intersected  the  equator  towards 
the  twelfth  degree  of  longitude,  to  the  east  of 
the  first  meridian  ;  proceeded  thence  to  the  mid- 
dle of  Florida,  and  passing  nearly  along  the  coast 
of  Louisiana,  it  traversed  Old  Mexico,  from 
which  it  extended  to  the  point  of  California, 
then  to  the  north  of  the  Pacific  Ocean,  and  in- 
tersected the  first  meridian  towards  the  44th  de- 
gree of  north  latitude  ;  from  which  it  tunied 
southwards,  and  traversed  Japan,  the  largest  of 
the  Philippines,  the  kingdoms  of  Pegu  and  Ar- 
racan,  and  formed  a  point  on  the  east  near  the 
.  island  of  Ceylon,  it  then  returned,  and  tra- 
vçrsing  the  Moluccas,  proceeded  in  a  curved 
^Xnd  to^^atds  the  south  pole^  leaving  New  Hoi* 
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land  on  the  west.  Such  was  the  position  of  this 
line  in  1744;  and  thence  we  may  determine 
nearly  its  present  position. 

Dr.  Halley's  chart .  exliibited  also  the  line 
which  joined  all  the  points  where  the  declination 
was  5*  to  the  east  or  the  west  ;  those  where  it 
was  io^>  1 5^,  &c.  It  is  observed,  at  present, 
that  thpy  have  all  had  a  motion  nearly  similar  to 
that  of  the  line  without  declination. 

Dr.  Halley's  object,  in  this  t)ainful  labour^  was 
not  mere  curiosity  ;  he  intended  these  charts  to 
be  employed  in  determining  the  longitude  at 
sea.  If  an  accurate  chart  of  these  lines  of  de- 
clination were  indeed  constructed,  it  is  evident 
that,  by  observing  the  latitude  and  the  real  de- 
clination of  the  compass,  the  precise  point  of  the 
earth,  where  the  observation  Mas  made,  would 
be  determined.  Let  us  suppose,  for  example, 
that  the  declination  lias  been 'observed  in  the 
Atlantic  Ocean,  to  be  7*i  west,  the  latitude  be- 
ing 32  north.  It  is  evident,  in  this  case,  that 
the  ship's  place  will  be  the  point  where  the  pa- 
rallel 01*32^  north,  intersects  the  line  of  7^4  de- 
clination. Nothing  then  would  remain,  but  to 
improve  the  means  of  determining  the  declina- 
tion with  great  exactness,  which  is  a  thing  not 
impossible. 

It  is  to  be  rcgietted  that  we  have  no  old  ob- 
servations of  the  declination  of  the  magnetic 
needle.  The  reason  of  this  no  doubt  is,  that  the 
declination  was  not  properly  ascertained  by  phi- 
losophers, till  towards  the  end  of  the  sixteenth 
century.  It  is  seen  however  by  the  observations 
which  have  been  made,  that  at  Paris,  at  Lon- 
don,   and  in  great  part  of  Germany>  the  dc- 
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clmation  formerly  was  east  ;  for  in  1 580  it  was 
found  at  Paris  to  be  1 1^  30'  east.  After  that 
time  it  decreased  till  1666,  when  it  vanished 
entirely  ;  it  then  became  west»  increasing  confi<* 
nually  in  that  direction  ;  for  in  1670  it  was  ob* 
served  to  be  i®  30',  in  1680  to  be  a*  40',  iu 
1 70 1  to  be  8^  25',  in  1770  it  was  observed  to  be 
within  a  few  minutes  of  ao*^.  The  Royal  Society  of 
London  recorded  their  annual  observations  of 
the  magnetic  needle  for  many  ye^rs  ;  and  it  is  a 
great  pity  that  they  have  of  late  discontinued 
such  useful  observations. 

But  what  is  the  cause  of  the  magnetic  declina- 
tion ?  on  this  subject  we  shall  offer  the  following 
conjectures.  Messrs.  de  la  Hire»  senior  and  ju- 
nior», made  a  curious  experiment,  which  may 
serve  to  throw  some  light  on  the  cause  of  this 
phenomenon.  Tlicy  took  a  very  large  magnet, 
and  having  given  it  a  globular  form  as  nearly  as 

Î>ossible,  they  sought  for  its  poles,  which  were 
bund  exactly  at  the  extremities  of  a  diameter  ; 
and  then  they  traced  out  on  it  its  equator,  and 
twelve  meridians.  On  this  magnetic  globe, 
which  was  about  a  foot  in  diameter,  and  which 
weighed  nearly  a  hundred  pounds»  they  applied 
a  magnetic  needle»  and  observed  that  tnere  were 
places  where  it  declined  towards  the  west»  and 
others  where  it  had  no  declination»  and  which 
formed  one  or  two  continued  lines  on  the  sur- 
face» as  Dr.  Halley  had  determined  on  the  sur- 
face of  the  earth»  though  of  a  form  absolutely 
different. 

It  is  more  probable,  says  the  historian  of  the 
Academy»  that  the  cause  of  the  declination  ob- 
served on  tlic  magnetic  globe»  M'as  merely  the  iu- 
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Oquality  of  it8.  contexture,  and  of  the  magnetic 
J'orce  of  its  different  parts.  There  is  reason  also 
tp  conjecture  that  the  earth,  being  a  large  mag- 
net, or  at  least  a  globe  containing  in  its  bosom 
]ai*ge  magnetic  masses,  it  is  the  unequal  distribu- 
tion of  these  masses  that  occasions  on  its  surface 
the  variety  of  the  direction  of  the  magnetic 
needle.  But  there  is  this  difference,  that  m  the 
bowels  of  the  earth  new  masses  are  continually 
generated  ;  whereas  the  magnet  of  Messrs.  de  la 
Hire  experienced  nothing  o?  the  kind.  Hence 
it  happens  that,  on  the  surface  of  the  earth,  the 
direction  of  the  magnet  is  variable;  while  on  the 
surface  of  the  magnetic  globe  it  was  necessary 
that  it  should  be  constant. 

It  must  however  be  allowed,  that. in  this' ex- 
planation, it  is  difficult  to  assign  a  reason,  why, 
for  two  centuries,  at  least,  the  line  without  de- 
clination has  been  seen  to  move  constantly  from 
east  to  west.  Effects  arising  from  causes  so 
variable  as  the  destruction  and  generation  of 
inasses  in  the  bosom  of  the  earth,  ought  to  ex- 
perience greater  irregularities,  and  the  progress 
of  the  magnetic  needle  ought  to  be  sometimes 
east  and  sometimes  west. 

Dr.  Ilalley  proposed  a  physical  hypotliesis,  to 
account  for  the  variety  in  tlie  magnetic  declina- 
tion. He  supposed  two  fixed  magnetic  poles, 
and  two  moveable,  in  certain  positions.  Bat 
this  hypothesis  has  been  simplified  by  Albert 
Euler,  in  a  curious  memoir,  which  may  be  seen 
in  the  Transactions  of  the  Academy  of  Berlin 
-for  the  year  1757.  Euler  supposes  only  two 
magnetic  poles,  one  at  14^  53'  from  the  nort}i 
pole  of  the  earth,  and  the  other  29**  23'  from  the 
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south'  pole.  The  meridian  in  which  the  former 
is  situated  passes  through  the  258th  degree  of 
longitude^  and  that  of  the  second  through  t\^ 
go3d.  He  then  assumes,  as  a  principle^  that  the 
magnetic  needle  always  ranges  itself  in'  the  plane 
passing  through  the  two  magnetic  poles  and  the 
place  of  observation  ;  and  he  determines^  by  cal- 
culation, the  inclination  of  that  plane  to  the 
meridian,  in  the  different  places  of  the  earth. 
By  means  of  these  data,  calculation  gives,  with 
great  exactness,  the  quantity  of  the  declination 
observed  of  late  years,  and  the  position  of  the 
lines  of  declination,  as  they  were  found  by 
Messrs.  Mountain  and  Podson,  for  )774f  at 
least  in  the  Atlantic  Ocean  ;  for  Albert  Êulcr  i$ 
obliged  to  consider  as  false  the  position  given  to 
the  line  of  declination,  in  the  north  part  of  the 
Pacific  Ocean,  by  those  members  of  the  Royal 
Society,  and  what  he  says  on  this  subject  ji 
highly  probable- 
It  may  be  easily  conceived,  that  by  making 
these  poles  to  vary,  the  lines  of  declination  wifl 
vary  also,  and  that  according  as  they  approach 
or  recede  from  each  other,  they  may  change 
their  form,  as  has  indeed  been  observed. 

Mr.  Canton,  a  member  of  the  Royal  Society 
of  London,  discovered  some  years  a^o  a  new 
motion  of  the  magnetic  needle,  which  is  founded 
pn  the  following  experiment. 

EXPERIMENT  XII. 

JTiurnal  Variation  of  the  magnet. 
Provide  a  pretty  large  magnetic  needle^  1 2  or 
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15  inches  in  lengthy  and  nicely  suspended.  It 
must  be  surrounded  by  a  circle,  the  centi^  of 
which  is  the  point  of  suspension,  divided  into 
degrees^  and  naif  degrees,  or  quarters,  at  least 
in  that  part  of  its  circumference  whicJi  is  oppo- 
site tOr  tne  point  of  the  needle.  The  whole  appa- 
ratus roust  be  covered  in  such  a  manner,  as  to 
prevent  it  from  being  subject  to  any  impression 
from  the  air. 

If  this  needle  be  observed  at  different  hours  of 
the  day,  it  M'ill  be  found  that  it  is  scarcely  ever 
at  rest.  According  to  Mr.  Canton,  the  declina- 
tion will  be  greatest  in  the  morning,  and  least  in 
the  e\T*ning  :  about  noon  it  will  be  a  mean  be- 
t^veen  these  two  extremes.  He  assigns  also  a 
very  probable,  reason,  m  hich  is  as  follows  : 

It  is  a  fact  proved  by  experience,  that  a.  mag- 
net, when  heated,  loses  a  little  of  its  force.  But 
as  the  eastern  parts  of  the  earth  have  noon  when 
the  sun  rises  to  us,  it  is  at  that  time^  or  nearly 
so,  that  thev  are  most  heated.  The  mafcnetic 
needle,  the  direction  of  which  is,  in  all  probabi- 
lity, an  effect  compounded  of  the  attraction  of 
all  the  magnetic  parts  of  the  earth,  will  at  sun 
rise  be  a  little  less  impelled  towards  the  east, 
than  if  the  sun  were  not  on  that  side  ;  conse- 
quently it  will  yield  to  the  action  of  the  western 
parts,^  and  will  turn  a  little  more  towards  that 
îiidc.  Mr.  Canton  even  renders  this  explanation 
sensible,  by  means  of  two  magnets,  eaeh  of 
which  is  heated  alternately. 

lîut,  whatever  truth  there  may  be  in  this  ex- 
planation, the  phenomenon  is  now  well  known  ; 
and  meteorologists  do  not  fail  to  observe,  at  dif- 
ferent times,   the.  dccliùation  of  the   magnetic 
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needle,  which  often  varies  between  morning  and 
night,  aof  and  morc'^é 

^  Hi. 

CftJie  Inclination  or  Dip  oftht  viajgnetic  needle. 

BX7£RIM£HT  Kill. 


I  ' 


To  observe  }ke  Inclination  (fthe  magnet. 

If  the  needle  of  a  compass,  not  yet  magnet- 
ised, be  placed  in  perfect  equilibrium,  on  its 
pivot,  so  as  to  remain  parallel  to  the  horizon  ;  and 
then  be  touched  with  a  magnet»  it  will  lose  this 
equilibrium,  and  will  dip  its  northern  .e^^ftremit^ 
below  the  horizon. 

This  experiment  is  well  known  to  thorn  wha 
construct  compasses  ;  for  after  the  needle  i$ 
magnetised,  they  are  obliged  to  file  the  heavier 
end  till  it  be  in  equilibrium  with  the  otber.  Tht 
same  efiect  might  be  produced  by  loading  the 
other  end  with  a  small  weight,  and  it  would 
even  be  of  advantage  if  this  weight  were  xnoref 
able  ;  for  as  the  inclination  is  variable,  different 
forces  are  required  to  form  an  equilibrium  to  the 
effort  made  by  the  needle  to  dip.  It  is  tfaerefora 
necessary  to  add  a  small  weight  to  one  of  th» 
ends  of  the  needle,  according  to  the  difiSsrent 
positions  of  the  ship,  in  order  that  it  mayxesxiaia 
perfectly  horizoatai. 

«  See  Traiiidi  Miti^r^to^iu  P.  ÇfitU. 
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EXPERIMENT  XIV. 

To  obscfXfe  the  Inclination  of  the  jnagnetic  needle. 

Provide  a  ma^etîc  needle,  made  of  very 
straight  steel  wire,,  terminating  in  a  point  at 
each  extremity.  The  middle  of  it  must  be 
flattened,  and  formed  into  a  small  circle,  having 
its  centre  in  a  line  with  the  two  points  of  the 
needle.  A  piece  of  very  fine  steel  wire  passing 
through,  this  circle,  in  a  perpendicular  direction, 
must  ^erve  it  as  a  pivot  ;  so  that  when  suspended 
horizontally  in  two  holes,  made  in  two  vertical 
plates  of  brass,  it  may  be  indifferent  to  every 
position^  and  remain  in  equilibrium  in  any  situa- 
tion whatever.  These  two  plates  must  be  affixed 
to  the  edge  of  a  brass  band,  bent  into  a  circular 
form,  and  of  a  diameter  somewhat  greater  than 
the  length  of  the  needle,  the  pivots  of  which 
will  be  in  the  centre.  ITiis  brass  circle  must 
be  suspended  in  a  ring,  and  one  of  its  diameters 
must  be  placed  in  a  vertical  direction.  Divide 
the  inside  of  it  into  degrees,  and  quarters  of  a 
degree,  if  possible,  but  in  such  a  manner  that 
the  division  beginning  with  zero,  at  the  extre- 
mities of  the  horizontal  diameter,  mav  end  with 
90  degrees  at  the  extremities  of  thfc  vertical  dia- 
meter. The  position  of  this  diameter  may  be 
ascertained  by  means  of  a  wire  and  plummet, 
suspended  from  its  upper  extremity,  and  which 
must  pass  throiigli  tlie  lower  extremity,  that  it 
may  be  in  its  true  position. 

Provide  also  a  wooden  stand  in  the  form  of  an 
oblong    parallelopipedouj    in  the  upper  part  o 
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which  let  there  lie  a  circular  hollow  proper  for 
lodging  the  instrument  in  the  direction  of  its 
length.  In  the  last  place^  there  must  be  a  small 
wedge,  for  the  purpose  of  being  placed  under 
this  standi  till  the  plane  of  the  instrument,  or 
that  passed  over  by  the  needle  in  its  motion, 
shall  be  exactly  vertical. 

When  the  needle  has  been  magnetised,  apply 
to  the  two  sides  of  the  instrument,  in  grooves 
made  for  that  purpose,  two  circular  pieces  of 
glass,  to  preserve  the  needle  and  its  pivots  from: 
the  contact  of  the  exterior  air,  and  irom  moist- 
ure, M'hich  is  hurtful  to  magnetism* 

By  the  description  of  this  instrument>  it  maybe 
readily  seen,  that  it  must  be  disposed  in  a  vertical 
situation,  '  either  by  suspending  it  or  placing  it 
on  its  supporter,  which  may  be  easily  done  by 
means  of  the  wire  and  plummet. 

The  plane  of  the  instrument  also,  or  tliat 
passed  over  by  the  needle,  must  be  in  the  plane 
of  the  magnetic  meridian*  For  this  purpose, 
lay  the  instrument  flat  on  a  horizontal  table; 
the  needle,  when  it  stops,  will  indicate  the  mag* 
netic  meridian  ;  then  draw  on  the  table  a  line  in 
that  direction,  and  make  the  long  side  of  the 
supporter  coincide  with  it  By  means  of  the 
small  wedge  and  the  plumb  line,  it  may  then  be 
adjusted  in  the  proper  position.  The  needle, 
after  very  long  vibrations,  will  at  length  stop, 
and  indicate  by  its  point  the  number  of  degrees 
it  is  distant  from  the  plane  of  the  horizon,  which 
M  ill  give  the  inclination  or  dip  desired. 

By  these  means  it  is  found  that  the  inclina^ 
tion  at  Paris  is  at  present  72  degrees.  ' 
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REMA&KS. 
I. 

Though  the  construction  of  such  an  instm-" 
meolt  does  not  seem  difficult,  it  is  shewn  by  ex- 
perience that  it  requires  a  peculiar  kind  of  skill 
aiïd  dexterity,  which  few  possess.  Unless  the 
instrument  indeed  be  peifect,  the  magpietrc 
needle  doe»  tiot  recover  its  position  when  dis- 
placed, or  when  the  instrun>ent  is  turned  in  a 
contrary  direiction  ;  that  is,  in  such  a  mann^er 
that  the  plane  which  looked  tOM-ards  the  east 
nwiy  look  towards  the  west 

II. 
The  inclination  of  the  magnetic  needle  is  no 
Jess  v^iriable  than  its  declination.     It  is  obsei'ved  , 
that  it  Is  different  in  different  parts  of  the  earth  ; 
but  it  is  erron'cous  to  suppose,  as  some  philoso 
phers  in  the  last  century  did,  that  it  has  any  rc- 
latiori'to  the  latitude.     It  is  observed,  for  exam- 
ple, that  it  is  at  Paris  at  present  y  2^  25'  North. 

At  Lima,  about  18^  South. 

At  Quito,  about  15*^  S. 

At  Buenos- Ay  res,  about  6o®|  S. 

At  the  lisle  o?  France,  52%  North. 
This  is  sufficient  to  destroy  the  idea  that  it 
has  the  least  relation  to  the  Latitude. 

As  observations  of  the  inclination  are  consi- 
dered  to  be  of  no  utility  innavigation,  it  needs 
excite  no  astonishment  that  we  have  so  few. 
Resides,  it  is  much  more  diOicitlt  at  sea  to  ob- 
serve the  inclhiation,  than  the  declination,  on 
account   of  the  rolling  of  the   ship.       Father 
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Feuitlée  however  made  a  considerable  number  of 
them,  during  his  voyages  in  Europe  and  America; 
but,  according  to  all  appearance,  they  are  only 
within  a  few  degrees  of  the  truth.  It  is  never- 
theless to  be  wished  that  these  observations  were 
more  numerous  ;  for  though,  on  the  fii-st  view, 
they  do  not  seem  of  great  utility,  tliey  may  be- 
come so  hereafter.  Let  us  hot  cease  to  accumu- 
late facts,  though  in  appearance  useless.  Some 
unexpected  light  often  arises  from  an  observa- 
tion long  considered  to  be  frivcflous,  and  unim** 
portant. 

III. 
We  may  remark  also,  that  the  motion  of  the 
magnetic  needle  experiences  very  singular  varia- 
tions on  the  approach,  or  by  the  effect  of,  igne- 
ous meteors.  A  needle  has  been  deprived  ox  its 
magnetic  property  by  thunder,  or  even  magnet- 
ised in  a  contrary  direction.  The  Aurora  bo- 
realis  seems  also  to  have  a  very  sensible  action 
on  the  magnetic  needle;  but  for  farther  inform- 
ation on  this  subject,  we  must  refer  to  Father 
Cotte's  Traité  de  Météorologie: 

ARTICLE  IV. 

# 

Of  certain  means  proposed  for  freeing  the  mag- 
ne  tic  needle  J  rom  its  declination,  or  J  or  making 
compasses  zcithout  declination. 

It  would  be  so  great  an  advantage  to  have 
compasses  which  should  point  exactly  to  die 
north,  that  the  attempts  made  to  device  com- 
binations to  destroy  the  declination  of  the  needle 
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need  excite  no  surprise  ;  but  unfortunately  these 
attempts  have  hitherto  been  fruitless,  and  in  our 
opinion  will  always  be  so^  They  however  de^ 
serve  to  be  known,  were  it  only  to  guard  our 
readers  against  the  illusions  of  those  who  imagine 
that  they  have  solved  this  problem. 

One  of  these  inventions  is  described  by  Mus- 
chenbroek.  It  consists  in  combining,  for  a  de- 
terminate place,  two  needles  of  equal  force,  in 
such  a  manner,  that  the  one  may  decline  on  tlie 
one  side,  and  the  other  on  the  other  side,  from 
the  magnetic  meridian  by  a  quantity  equal  to 
the  declination.  Thus,  one  of  them  will  de- 
cline doublé  and  the  other  will  be  exactly  in 
the  meridian.  Let  us  suppose,  for  example,  that 
the  declination  is  ao  degrees  to  the  west,  as  it 
was  at  Paris  in  1770.  If  two  magnetic  needles 
of  the  same  force  be  suspended  on  the  same 
pivot,  forming  together  an  angle  of  40  degrees  ; 
it  is  evident  that  neither  of  them  being  able  to 
place  itself  in  the  magnetic  meridian,  they  will 
equally  decline  from  it  :  thus  the  one  will  de- 
cline 20  degrees  to  the  west  of  that  meridian, 
or  40  degrees  from  that  of  the  earth  ;  conse- 
quently, the  other  needle  will  necessarily  be  in 
the  meridian,  and  will  have  no  declination. 

It  is  astonishing  that  any  one  should  imagine 
that  a  combination  of  magnetic  needles,  capable 
of  making  one  of  them  coincide  with  the  terre- 
strial meridian,  could  be  obtained  in  this  manner. 
It  may  be  readily  seen,  that  these  two  needles, 
if  of  equal  force,  M^ill  always  arrange  them- 
selves in  such  a  manner,  that  the  .magnetic  me- 
ridian will  divide  into  two  equal  parts  the  angle 
comprehended  between  them.     Thus,  if  we  sup^ 
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pose  that  the  maghetic  meridian,  instead  of  de- 
clining 20  degrees  from  the  terrestrial  meridian, 
declines  only  10  degrees  to  the  west,  one  of  the 
needles  will  be  carried  20  degrees  more  to  th^ 
west;  consequently  wi)l  have  30  degrees  of  de- 
clination. At  the  same  time  therefore  the  other 
needle  will  be  carried  10  degrees  from  the  me- 
ridian towards  the  east. 

The  last  translator  of  Pliny  has  given  a  method, 
nearly  similar,  for  annihilating  the  declination, 
and  which  diflFers  in  nothing  from  that  of  Mus- 
chenbroek,  except  that  one  of  the  needles  must 
be  larofcr  than  the  other.  But  Muschenbroek 
had  before  proposed  and  analysed  this  com- 
bination of  two  unequal  needles,  and  it  appeared 
to  him  as  unlikely  to  succeed  as  the  other.  It 
is  opposed  indeed  by  the  same,  or  by  similar 
reasons,  and  nothing  can  rest  on  slighter 
grounds,  than  the  physical  theory  by  which 
the  author  alluded  to  appears  to  have  been 
guided  ;  for  he  seems  to  think,  that  the  cause 
of  the  declination,  is  a  sort  of  weakness  in  the 
needle,  which  does  not  pennit  it  to  reach  the 
north.  This  is  an  idea  not  onlv  void  of  founda* 
tion,  but  even  incompatible  with  the  most  pro- 
bable theory  of  the  magnetic  motion  :  for  as  the 
magnetic  needle,  which  during  the  first  half  of 
the  17th  century  declined  to  the  east,  afterwards 
approached  the  north,  and  passed  it,  to  proceed' 
to  the  west,  it  would  be  necessary  to  say  that  it 
was  sick  J  since  it  was  cured  about  1660^  and 
that  it  afterwards  got  diseased  in  ^  contrary 
direction.  We  cannot  therefore  sufficiently  won- 
der at  the  precipitation  of  ^ome  journalists  and 
9omd  authors,  who  hastened  to  annauucCj  with  ' 
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the  grekitst  cnlogiums,  this  pretendecUHscovery, 
as  likely  to  change  the  face  of  navigation,  y  n* 
fortunately,  nothing  could  be  more  chimerical  ; 
and  a  better  acquaintance  with  the  magnetic 
phenomena  would  have  preserved  both  from 
this  error, 

-^  We  have  seen  formerly  at  Paris  a  Genoese 
pilot,  named  Mandillo,  who  pretended  to  have 
found  another  combination  of  magnetic  needles, 
proper  for  correcting  the  declination.  He  placed 
two  needles  of  equah  force  above  each  other, 
but  in  such  a  manner  that  eqch  of  them  had  full 
liberty  to. move;  he  then  brought  them  together, 
for  Paris  we  ^liall  suppose,  so  that  their  deviation 
it^  double  the  jqcliftatioil  observed;  for  in  this 
position  they  would  each  diverge  by  the  effect 
of  the  repulsion  of  their  poles  or  points  of  the 
same  denomination,  and  so  much  the  more  as 
they  were  brought  nearer  to  each  other.     By 
these  means,  one  of  the  needles,  as  in  the  preced- 
ing process,  was  carried  to  the  meridian.    But  the 
sieur  Mandillo  pretended  that  this  would  every 
where  be  tlie  case,  which  is  evidently  false;  for 
the  deviation  of  the  two  needles  being  the  eifect 
of  the  repulsion  of  the  two  poles  of  the  same  name, 
this  repulsion,    and  consequently  the  deviation, 
*iU  be  the  same,  whatever  be  the  angle  of  the 
magnetic  meridian  with  the  terrestrial  meridian  ; 
otherwise  we  must  suppose  that  this  repulsion  de- 
creases at  the  same   time   as  the  declination, 
vrtiich   ÎS  impossible*     This  objection  we  men- 
tioned to  Mandillo  ;  but  to  no  purpose.     A  man 
who  imagines  he  has  found  the  means  of  cor- 
recting the  declination  of  the  magnetic  needle, 
or  has  discovered  the  solution  of  the  problem  of 
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the  longitude,  is  as  obstinate  ih  hi^  opinions,  at 
he  who  thinks  he  has  found  the  quadrature  of 
the  circle. 

We  shall  here  mention  au  idea  of  M.  de  la 
Hire  on  this  subject  It  was  founded  on  a  be- 
lief of  his  having  discovered,  that  the  poles  of  a 
natursCl  magnet  Tiad  changed  their  place,  as  the 
magnetic  poles  of  the  earth  had  done  at  the 
same  time.  He  thence  conceived  the  idea  of 
magnetising  steel  rings,  presuming  that  their 
poles  would  change  in  the  same  manner.  But 
it  may  bereadilv  seen  that  in  this  case,. the  line. 
n]arked  originally  north  and  south  on  the  ring 
would  remain  motionless^  and  would  always 
indicate  the  real  north.  This  principle  how- 
ever has  been  found  to  be  false,  and  even  if 
true,  the  consequence  deduced  from  it  by  M.  de 
la  Hire  did  not  necessarily  follow. 

ARTtCLlS   v. 

Of  certain  Tricks  xvhich  may  be  performed  bif 

means  of  the  magneto 

Fob  some  years  past,  the  j3roperties  of  the 
magnet  have  been  employed  to  perform  several  » 
tricks,  which  excited  a  considérable  degree  of 
astonishment  in  those  who  first  beheld  thein« 
No  means  indeed  more  secrèt>  and  at  the  samt  ^ 
time  more  proper  for  action,  .could  be  employed 
than  magnetism  ;  since  its  influétice  is  stopped 
by  no  liody  with  which  we  ar^  acquainted,  ex* 
cept  iron.  This  idea- was  first  conceived  by  the 
celebrated  Comus,  who  yaried  in  a  singular 
manner  the  ditfçr^ut  tiicks  perfofoted  hy  this 
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agent;  so  that  all  Paris  flocked  with  the  utmost 
eagerness  to  the  places  where  they  M^ere  exhibit- 
ed. He  was  admired  by  the  ignorant,  wlio  con- 
sidered him- as  a  sorcerer,  while  the  learned  en- 
deavoured to  discover  the  artifice,  which  how- 
ever was  a,  profound  secret,  as  long  as  no  one 
suspected  magnetism  to  be  the  principal  cause 
of  It 

Wc  shall  here  endeavour  to  give  an  idea  of 
some  of  these  tricks,  as  they  will  form  a  fund 
of  rational  amusement  to  those  who  know  how 
to  perform  them, 

§.  I. 

Construction  of  a  Magic  Telescope. 

.  "^  ■  .■  .  •  • 

Those  who  exhiWt  these  tricks  often  employ 
a  pretended  magic  telescope,  by  means  of  which 
one  can  see,  it  is  said,  through  opake  bodies. 
It  is  nothing  else  than  an  instrument  in  the 
form  of  a  telescope,  at  the  bottom  of  winch,  that 
is  towards  the  object  glass,  there  is  a  magnetic 
needle,  \vhich  assumes  its  proper  direction,  when 
the  telescope  is  placed  upon  the  side  which  that 
object  glass  forms. 

To  construct  this  telescope,  provide  a  turned 
tube  of  ivory,  wider  towards  the  end  where  the 
object  glass  is  placed  ;  but  the  ivory  must  be  of 
sufficient  thinness  to  admit  tlie  light  through 
to  the  inside.  The  narrow  end  is  furnished  with 
an  eye  <z:lass,  which  serves  to  shew  more  dis- 
tinctlv  the  inside  of  it.  The  other  end  abo  is 
furnished  with  a  glass,  which  has  the  appearance 
only  of  an  object  glass,  the  posterior  surface  of 
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it  bciftg  opake,  so  as  to  serve  for  the  base  or 
bottom  of  ja  sort  of  compass  or  magnetic  needle, 
which  turns  on  a  pivot  fixed  in  its  centre.  When 
the  telescope  rests  on  the  end  containing  the 
object  glass,  this  needle  assumes  a  horizontal 
position^  and  points  towards  the  north,  or  to- 
wards a  magnetic  needle  i^  the  neighbourhood. 
It  is  necessary  also  to  have  a  real  telescope, 
similar  in  appearance  to  the  other,  in  order 
that  it  may  be  shewn  instead  of  it,  which  may 
be  done  by  dexterously  substituting  the  one  for 
the  other. 

When  you  wish  to  employ  the  pretended  magic 
telescope,  place  it  with  the  object  glass  down- 
wards upon  any  tiling  you  istend  to  examine, 
and  if  there  be  a  magnet,  or  piece  of  magnetised 
iron  below  it,  the  ^leedle  will  turn  to  that  side. 

^.  II.' 

Several  Jigiires  being  given,  which  a  person  has 
arranged  close  to  ,each  other  in  a  hov,  to  tell 
through   the  lid  or  cover  what   number  they 
form. 

If  you  are  desirous  of  employing  the  ten  cy- 
phers, take  ten  small  squares,  of  an  inch  and  a 
half  on  each  side,  and  on  the  upper  face  of  each 
make  a  groove  ;  but  let  these  grooves  be  in  dif- 
ferent directions;  that  is  to  say,  tlie  first  in- 
tended for  the  number  i  must  proceed  directly 
from  the  top  to  the  bottom  ;  the  second  must 
deviate  to  the  right,  so  as  to  form  an  angle 
equal  to  a  tenth  part  of  the  circumference  ;  the 
third  an  angle  of  two  tenths  ;  and  so  of  the  rest  ; 
which  will  give  ten  different  positions.    Then  in- 
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traduce  into  tlicse  grooves  small  bars,  of  steely  w^U 
maguetised^  taking  care  to  tura their  north  pole» . 
to  the  proper  direction;  cover  these  grooves 
and  the  i^ce  of  the  squares  with  strong  paper^  iû 
Order  to  conceal  the  bars.  You  must  also  provide 
a  narrow  box«  capable  of  containing  in  its 
breadth  one  of  these  squares^  and  of  such  a . 
length  that  they  can  all  be  arranged  in  it. 

Then  desire  a  person  in  your  absence  to  take 
several  of  these  squares^  and  arrange  them  in 
the  box  in  any  manner,  at  pleasure^  so  as  to 
form  any  number  whatever,  and  to  shut  the 
box  ;  after  which  you  are  to  tell  the  number 
which  has  been  formed. 

Deposit  your  pretended  telescope  on  the  place 
of  the  fii-st  square,  that  is  on  the  left,  if  the 
figure  below  it  be  unity;  the  needle  M'ill  tuni  in 
such  a  manner  that  the  north  point  or  pole  will 
be  before  you.  If  the  figure  be  4,  it  will  turn  to 
the  fourth  division  of  the  circle,  which  is  equally 
divided  into  ten  parts;  and  so  of  the  rest.  It 
will  thence  be  easy  to  discover  the  figure  in  each 
place,  and  consequently  to  tell  it. 

A  word  written  in  secret,  with  given  charac- 
ters, liiay  be  discovered  in  the  same  manner  ; 
also  an  anagram,  formed  of  a  proposed  word,  as 
Roma,  which  gives  amor,  7nora^  or?na,  maro^  &c; 
or  a  question  which  has  been  selected  from  se- 
veral persons,  and  put  into  the  box.  In  short, 
this  trick  may  be  varied  in  a  great  many  ways, 
exceedingly  agreeable,  but  all  depcndiijg  on  the 
same  principle. 

The  box  of  metals,  for  example,  is  only  a 
similar  variation  of  the  same  trick.  You  put 
six  plates  of  different  metals  in  a  box,  and  bid  a 
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person  take  any  one  of  thenii  and  put  it  mto  mtn* 
other  box,  aoid  shut  it  You  may  ûittk  easily 
tell  which  one.^  has  taken.  These  plates  are 
of  such  a  form,  that  they  can  occupy  in  the 
small  box  only  one  position.  Each  of  them, 
that  of  iron  excepted,  contains  in  its  thickness  a 
magnetic  bar^  arranged  in  situations  which  are 
known,  and  these  situations  are  discovered  by 
means  of  the  pretended  magic  telescope  ;  con- 
sequently the  nature  of  the  metal  must  be  known. 
No  magnetic  bar  is  placed  in  the  plate  of  iron, 
because  this  would  be  useless  ;  but  one  side  of 
the  plate  may  be  magnetised,  or  if  it  be  not 
magnetised,  the  indeterminate  direction  of  tlic 
needle  will  announce  that  it  is  iron. 


V    HI- 

The  Learned  F/t/j  or  the  Syren. 

This  trick  is  somewhat  more  complex  than 
the  preceding,  -  and  depends  partly  on  philoso- 
phical principles,  and  partly  on  a  little  decep- 
tion. You  must  provide  a  table>  with  a  box  sunk 
in  its  thickness,'  and  the  box  must  be  furnished 
with  a  broad  brim,  inscribed  with  numbers,  the 
hours  of  the  day,  or  answers  to  certain  questions. 
You  then  desire  a  person  to  point  out  a  number, 
or  to  name  any  hour  in  the  day,  or  to  ask  what 
o'clock  it  is,  or  to  select  any  one  of  certain 
quest iori&  written  upon  cards  which  you  present 
to  him.  A  fly,  a  syren,  or  a  swan,  floating  in 
water,  indicates,  in  their  order,  the  figures  of 
this  number,  or  answers  the  question  pioposcd. 
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All  this  is  pcifornied  by  means  of  a  strongly 
magnetised  bar,  supported  by  a  brass  circle, 
concealed  ill  the  rim  of  the  bason,  which  con- 
tains the  water.  It  is  evident  that  if  the  mo- 
tion, necessary  to  point  out  the  letters,  or  num- 
bers, required  for  the  answer,  can  be  given  to 
this  bar,  the  fly  or  syren,  placed  on  a  small  boat 
containing  another  magnetic  bar,  will  proceed 
towards  it,  and  appear  to  answer  the  question. 
Such  are  the  philosophical  principles  of  this 
trick,  the  deception  is  as  follows. 

Tlie  table,  which  is  some  inches  in  thickness, 
is  hollow,  and  the  cavity  contains  a  certain  me- 
chanism put  in  motion  by  a  string,  which,  pass- 
ing through  the  feet  of  the  table,  traverses  the 
floor,  and  is  conveyed  into  a  neighbouring 
apartment,  separated  from  that  where  the  trick 
is  exhibited,  only  by  a  very  slight  partition. 
This  string  terminates  at  a  sort  of  table,  on 
which  are  marked  the  divisions  of  the  bason  ; 
and  the  whole  is  combined  in  such  a  manner, 
tJiat  when  the  end  of  the  string  is  brought  op- 
posite to  a  certain  figure,  such  as  4  for  example, 
tlic  magnetic  bar  will  be  under  the  4,  inscribed 
on  the  edge  of  the  vessel. 

When  the  syren  then  is  desired  to  tell  what 
o'clock  it  is  ;  the  person  behind  tlie  partition, 
and  who  hears  the  question,  has  nothing  to  do 
but  to  pull  the  string,  and  to  bring  the  end  of  it 
opposite  to  the  required  hour  on  the  tnble,  which 
is  before  him.  The  magnetic  bar  will  arrange 
itself  below,  and  the  tractable  syren,  beginning 
to  niQvc,  will  go  and  point  out  the  hour. 

If  a  question  has  been  selected  ;  the  person 
who  exhibits  the  trick  repeats  it  under  a  pre- 
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tence  of  interrogating  the  syren.  The  confe^ 
derate,  who  hears  it,  Causes  the  magnetic  bar  tQ 
move  to  the  answer. 

It  would  not  be  difficult  to  establish  between 
both  a  secret  communication  of  such  a  nature, 
that,  without  speaking,  the  syren  should  appear 
to  guess  the  question,  and  to  give  an  answer 
to  It 

The  principal  works  on  the  magnet  are,  A 
treatise  de  Alagnete  by  Gilbert,  an  English  phi- 
losopher, printed  in  1633  :  it  contains  traces  of 
that  spirit  of  observation  which  has  since  caused 
philosophy  to  make  so  great  a  progress.  The  j^lrs 
Magnetka  of  Kircher:  this  is  a  kind  of  ency- 
clopedia of  every  thing  written  before  the  au- 
thor's time  on  that  subject,   enlarged  by  a  great 
many  of  his  own  ideas,  the  greater  part  of  which 
however  display   more  imagination  than  judg- 
ment.    The  Magnetologia  of  Father  Leothaud, 
1668,  in  4to:  a  work  of  very  little  importance. 
Father  Scarella's  treatise,   entitled  de  Alagnete, 
in  four  volumes,   quarto,   printed  at  Brescia,  iu 
1759,  ™^y  supply  the  place  of  all  the  preceding, 
as  it  contains  a  comprehensive  account  of  every 
thing   useful  or  solid,  said  or  written  op  the 
magnet,  till  that  period  ;  to  which  the  author, 
a  very  enlightened  philosopher,  has  added  his 
own   ideas.      The  small    treatise  on   Artificial 
Magnets,  translated  f^pm  the  English,  with  an 
historical  preface  by  the  translator,  will  make 
the  reader  fully  acquainted  with  that  part  of 
the  theory  of  the  magnet  ;  or,   in  want  of  it, 
recourse  may  be  had   to  the  Memob^e  sur  les 
Aimants  artificiels,    by   M.  Antheaume,    which 
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,  lined  the  prize  proposed  by  the  academy  of 
^ctersburgh  in  1758.  Several  papers  also  by 
f .  Dutour,  inserted  in  the  Mémoires  presently 
à  I* Académie^  par  des  Sçavans  étrangers^  deserve 
to  be  known»  and  to  be  studied,  by  those  wha 
may  be  desirous  of  cultivating  and  enlarging 
this  theory. 
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Of  Electricity. 

LECTRlCITY  is  an  almost  inexhaustible 
source  of  singular  and  surprising  phenomena^ 
which  must  excite  the  curiosity  of  the  most  in- 
different observer  of  nature.  What  indeed  can 
be  more  extraordinary,  and  at  the  same  time 
more  difficult  to  be  reconciled  with  the  known 
laws  of  natural  philosophy,  than  to  see  mere 
friction  excite^  in  certain  substances,  the  power 
of  attracting  and  repelling  such  light  bodies  as  are 
near  them  ;  to  see  this  power  communicated,  by 
contact,  to  other  bodies,  and  even  to  very  great 
distances  ;  to  see  fire  issue  from  a  body  in  that 
state;  and  a  thousand  other  phenomena^  the 
enumeration  of  which  would  be  too  tedious? 
We  shall  mention  only  the  famous  experiment 
of  Ley  den,  where  a  rank  of  persons^  holdmg 
each  other  by  the  hands,  or  having  a  communis 
cation  by  means  of  an  iron  wire^  or  rod,  sudden- 
ly  receive  ft-on^  an  invisible  agent  an  internal 
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commotion,  which  mi^ht  even  be  so  violent  as 
to  kill  those  who  experience  it. 

It  must  however  be  allowed,  that  the  case  has 
not  yet  been  the  same  with  electricity  as  with 
magnetistn.  The  latteV,  by  the  invention  of  the 
magnetic  needle,  has  served  to  render  naviga- 
tion more  secure,  and  to  discover  the  new  world, 
a  source  of  new  riches,  ncMc  wants,  and  of  new 
evils  to  the  old  one.  But  electricity  has  not  yet 
produced  any  thing  of  so  much  importance  to 
mankind,  and  to  the  arts,  if  we  except  the 
anafogy  now  fully  proved  between  the  electric 
fire  and  lightning  :  an  analogy  which  has  given 
rise  to  a  pretty  sure  preservative  from  the  effects 
of  that  dreadful  meteor;  for  in  regard  to  the 
cures  effected  by  electricity,  it  must  be  acknow- 
ledged that  they  are  either  rare,  or  not  well 
ascertained. 

But  we  must  not  treat  all  researches  on  this 
subject   as  useless  ;   for  when  we  Consider  the 
phenomena  exhibited  by  electricity,  we  cannot 
help  allowing  that  it  is  one  of  the  most  general 
and  most  powerful  agents  in  nature.    Is  it  possi- 
ble to  deny,  that  the  identity  of  the  electric  fire 
and  lightning  is  a  noble  and  grand  discovery  ? 
What  can  we  say  of  a  multitude  of  other  analo- 
gies observed  between  electricity  and  magnetism, 
the  nervous  fluid,  the  principle  of  vegetation, 
fic.     They  seem  to  promise  a  copious  han  est  to 
those  who  shall  continue  to  cultivate  this  fertile 
field. 
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Of  the  Nature  of  Electricity .  And  the  distinction 
between  bodies  Electric  by  Frictio?i  or  by  Com-- 
munication. 

Electa  icity  is  a  property  which  certain  bo- 
dies acquire  by  friction,  that  is  to  say  the 
power  of  attracting  or  repelling  light  bodies 
which  may  be  near  them.  If  you  rub,  for  ex- 
ample» a  stick  of  Spanish  wax,  with  your  hand, 
or  rather  with  a  piece  of  cloth,  and  then  make 
the  wax  pass  witnin  a  few  lines  of  sraall  bits  of 
paper  or  straw,  you  will  see  them  rush' toward» 
the  wax  and  adhere  to  it,  as  if  cemented,  until 
the  virtue  acquired  by  the  friction  is  dissipated. 
The  ancients  had  observed  that  yellow  amber,. 
when  rubbed  in  this^  manner,  attracted  light 
bodies  :  hence  the  name  of  electricity  ;  for  they 
called  that  substance  electrunK  But  their  observ- 
ations went  no  farther. 

The*modcrû6  hjtve  found  the  same  property  ia 
a.  great  many^otber  Jbbdies  ;  such  as  grey  amber, 
and  ip  gentrai ja|  all  resins,  which  can  bear  a 
certain  degree  tfplription  withoht  becoming  soft  ; 
as  sulphtÂ*,  w^>.  jet,  glas^  the  diamond,  crystal, 
thç  greater  pai^C'"  of  "  the  precious  stones,  silk, 
woollen,  the  hair  of  animals,  and  very  dry  wood^ 

In  regard  to  bodies  which  do  not  acquire 
electricity  by  friction,  it  has  been  observed  that 
they  caa  acquire  it  by  communication  ;  that  is 
to  say  by  contact,  or  by  being  brought  very 
near  to  those  of  the  first  species  ;  and  that  they 
c^  txansmit  it^  by  the  same  means^  to  other 
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bodies  of  the  same  nature.  Those  bodies,  which 
cannot  be  rendered  electric  by  friction,  are 
metals,  and  water,  either  liquid  or  congealed  *; 
also  earthy  and  animal  bodies.  But  we  must 
observe  that,  properly  speaking,  metals  and  the 
aqueous  fluid  are  the  only  true  conductors  of 
electricity  ;  and  that  the  rest  are  not  so,  unless 
tliey  participate  in  the  metallic  nature,  or  con- 
tain more  or  less  moisture.  Electricity  seems 
even  to  prefer  the  metallic  bodies,  for  transmit- 
ting itself  from  one  body  to  another.  If  you 
place  a  body  then  of  the  latter  kind,  such  as  a 
metal  rod,  or  a  piece  of  moist  wood,  in  the 
neighbourhood  of  a  body,  or  in  contact  with  a 
body  of  the  first  kind,  electrified  by  friction, 
and  with  precautions  to  be  mentioned  hereafter, 
it  will  itself  become  electric;  M-hich  may  be 
readily  seen  by  the  motion  it  will  communicate 
to  light  bodies  in  its  neighbourhood. 

All  bodies  then  are  susceptible  of  being  elec- 
tric, but  in  two  difiirent  ways  :  one  kind  are  in 
some  measure  electric  of  themselves,  as  that 
virtue  can  be  excited  in  them  by  friction  ;  for 
this  reason  they  ai*e  called  electric  per  se  :  the 
other  kind  are  electric  only  by  communication, 
and  for  this  reason,  they  are  commonly  called 
electric  by  communication,  or  7io?i-electric  ;  but  it 
would  be  l)etter  to  call  them  conductors  of  dec- 
tricity  :  and  this  is  the  appellation  which  we 
shall  most  frequently  employ. 

It  may  be  here  proper  to  observe,  that  those 

*  It  has  since  been  observed  that  glas»  heated  till  it  be- 
comes red  or  mort ,  and  flame,  are  conductors  of  electricity. 
On  the  other  hand  water,  which  in  its  state  of  fluidity  i& 
a  conductor  of  elecuricitjr,  ceases  to  be  so  when  strongly 
frozen. 
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^f  the  first  class  are  not  susceptible  of  receiving 
electricity  by  communication,  or  they  receive  it 
in  that  manner  with  difficulty.  Hence  it  hap- 
pens that,  in  the  experiments  we  are  about  to 
describe,  the  bodies  to  be  electrified  by  commu- 
nication, must  be  placed  either  on  cakes  of  resin, 
or  be  suspended  by  silk  strings;  otherwise  the 
electricity  produced  in  them  would  be  imme- 
diately dissipated,  by  the  contact  of  bodies  sus- 
ceptible of  being'  electrified  by  communication, 
with  >yhich  they  might  be  in  contact 

§  II. 

Description  of  the  Electric  Machine,  and  of  the 
apparatus  necessary  for  performing  Electrical 
Experiments. 

When  philosophers  began  to  cultivate  the 
theory  of  electricity,  they  employed  ^/lothing 
for  the  purpose  of  exciting  it  but  a  glass  tube, 
about  2  inches  in  diameter,  and  from  25  to  30 
inches  m  length.  It  was  rubbed  lengthwise  and 
in  the  same  direction,  with  the  bare  hand  pro- 
vided it  was  very  dry,  or  wrapped  up  in  a  bit  of 
flannel  or  cloth  ;  and  this  tube  was  afterwards 

Î resented  to*  the  body  intended  to  be  electrified, 
t  was  in  this   manner  that  Gray  and  Dufay 
made  their  first  experiments. 

A  globe  suspended  between  two  wooden  pillars^ 
which  was  made  to  revolve  rapidly  by  means  of  a 
handle  or  wheel,  ws^  afterwards  substituted  iiH 
stead  of  this  tube  :  the  dry  hand  was  applied 
to  the  globe  thus  arranged^  or  it  was  made  ta 
rub  against  ^  cushiçu  :  ttus  operation  excited 
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electricity,  which  was  collected  as  we  may  say 
:  by  means  of  a  metaUic  frioge  suspended  from 
the  globe,  or  disposed  in  some  otlier  manner. 

These  machines  were  succeeded  by  one  much 
simpler.  It  consists  of  a  foot  or  stand  A,  pi.  7 
fig.  40,  upon  which  are  raised  two  uprights,  JB 
and  C,  secured  and  upited  at  the  top  by  means 
€)£  the  circular  piece  D.  Thèse  uprignts  must  be 
of  a  greater  or  leis  height,  according  to  the  dia- 
.meter  of  the  circular  elass  piate  £,  placed  be- 
tween them;  for  the. edge  of  the  plate  must  not 
approach  too  near  the  wooden  frame,  either  at 
the  top  or  the  bottom* 

This  circular  plate  of  glass  E,  is  the  most 
essential  part  of  the  machine.  It  has  a  hole  in 
the  centre,  of  sufficient  size  to  admit  a  steel  axis, 
which  turns  in  the  two  supporters,  and  towards 
the  side  C,  is  continued  outwards,  where  it  ter- 
minates in  a  squace  extremity,  fitted  into  a 
handle,  which  serves  to  turn  the  plate. 

Leather  cushions,  stuffed  with  hair,  are  applied 
to  the  supporters  on  each  side,  both  at  the  top 
and  bottom  ;  so  that  the  glass  plate,  as  it  re- 
volves, is  rubbed  by  the  cushions  to  the  distance 
of  some  inches  from  its  edge. 

On  the  longitudinal  part  of  the  stand  is  placed 
a  conductor^  supported  by  a  glass  foot  in,  the 
form  of  a  column.  This  conductor  is  a  copper 
cylinder,  terminating  at  one  end  in  a  ball  G,  of 
the  same  metal,  and  having  at  the  other  end, 
two  arms  bent  almost  in  a  semicircular  form.  At 
the  extremities  of  these  arms  are  two  hemispheri- 
cal figures,  H  and  I,  which  present  to  the  glass 
plate  their  circular  bases,  furbished  with  four 
sh^rp  steel  spikes,  ^U  of  the  same  length.  TJ^e 
foot  of  the  conductor  can  be  made  to  advance 


or  recede  on  the  bottom  part  of  the  machine, 
which  supporta  it^  in  such  a  manner  that  the  be- 
fore mentioned  spikes  can  be  brought  nearer  (o^ 
or  removed  from  the  surface  of  the  glass  plate  ; 
for  it  is  these  spikes,  as  will  be  seen  hereafter, 
that  attract  the  electric  fluid,  excited  or  put  in 
motion  by  the  friction  of  the  small  cushions  pa 
the  circular  glass  plate. 

When  you  are  desirous  of  producing  electri- 
city ;  place  the  machine  on  a  firm  table,  and 
make  it  fast  by  means  of  screws  ;  then  fl:{  the 
conductor  in  such  a  manner,  that  the  spikes 
may  approach  very  near  to  the  glass  plate,  and 
put  the  latter  in  motion  by  turning  the  handle. 
The  conductor  will  almost  immediately  exhibit 
signs  of  electricity,  either  by  emjtting  sparky 
on  the  finger  being  applied  to  it,  or  by  attract^ 
ing  and  repelling  light  bodies  placed  near  it. 

REMARKS. 

Some  other  instruments  are  necessary  for  elec- 
tric experiments:  but  we  shall  here  mention 
those  only  which  are  eoqomonly  used,  reserving 
the  description  of  the  rest,  till  we  con|e  to  speajc 
of  the  different  experim^4M:s  in  whiç^  they  are 
necessary. 

I.  You  must  be  provided  with  a  few  stool^ 
either  square  or  circular,  covered  with  resin, 
about  15  or  18  inches  in  breadth;  and,  the 
better  to  ensure  the  effect,  they  may  be  made  to 
rest  on  four  glass  bottles  or  feet.  These  stools 
serve  to  insulate  the  persons  or  bodies  intended 
to  be  electrified. 

I  J.  As  it  }s  sometimes  dangerous  tp  draw  out 
he  electricity  by  the  finger,  it  will  be  proper  to 
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have  an  instrument^  called  the  discharger,  which 
is  a  circular  piece  of  metal^  pi.  7  fig.  41,  affix- 
ed by  the  middle  to  a  handle,  made  of  glass  or 
Spanish  wax;  but  the  first  is  preferable  and 
stronger.  By  touching  bodies,  electrified  in  the 
highest  degree^  with  one  of  the  balls  of  this  instru- 
ment, sparks  may  be  extracted  from  them  with- 
out danger  ;  because  the  glass  handle  intercepts 
the  passage  of  the  electricity,  from  the  discharger 
to  the  person  who  holds  it. 

III.  You  must  have  also  a  chain  of  metal,  or 
of  several  pieces  of  wire  connected  together.  This 
<7hain  serves  for  transmitting  the  electricity  to  a 
distance  from  the  first  conductor,  H  G  I  ;  which 
is  done  by  suspending  it  from  silk  cords,  attach- 
ed to  the  ceiling,  or  extending  it  between  two 
supporters. 

IV.  It  will  be  proper  to  provide  likewise  a 
long  tube  of  metal,  or  of  gilt  pasteboard,  three 
or  four  inches  in  diameter.  This  tube,  having  a 
communication  with  the  conductor  by  means  of 
a  chain,  forms  a  second  conductor,  which  be- 
comes charged  with  a  great  deal  of  electricity, 
and  may  be  employed  in  a  variety  of  experi- 
ments. Tlie  longer  and  larger  this  tube  is,  the 
greater  will  be  the  quantity  of  electricity  with 
which  it  will  be  charged.  For  reasons  which  will 
be  mentioned  hereafter,  it  is  necessary  that  it 
should  have  no  points  or  sharp  eminences. 

V.  A  few  glass  plates  are  also  necessary,  to 
insulate  those  bodies  which  may  be, required  to 
retain  their  electricity. 

VI.  You  must  provide  likewise  a  few  pieces  of 
metal,  some  pointed  and  others  terminating  in 
spherical  or  round  ends  ;  some  affixed  to  glass 
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handles^  and  others  furnished  with  handles  of 
some  substance  that  transmits  electricity,  as  be- 
fore  mentioned. 

VII.  The  cushions  must  be  occasionally 
rubbed  over  with  a  kind  of  amalgam,  which 
serves  to  increase  the  friction.  That  which  ap- 
pears to  answer  best,  is  an  amalgam  of  tin  and 
mercury,  such  as  that  placed  at  the  back  of 
mirrors,  mixed  with  one  half  of  chalk  or  Spanish 
whitening,  the  whole  reduced  to  an  impalpable 
powder. 

Such  are  the  principal  parts  of  the  apparatus 
necessaiy  for  the  most  common  electric  experi- 
ments ;  to  which  we  shall  now  proceed,  begin- 
ning With  those  that  are  simplest 

EXPERIMENT  I. 

The  Electric  Spark. 

Every  thing  being  arranged,  'as  above  de- 
scribed, arid  the  air  in  the  apartment  being  dry, 
put  the  machine  in  motion.  If  a  person  then 
present  his  finger  to  the  conductor,  at  the  di« 
stance  of  two  or  three  lines,  or  more,  according 
to  the  strength  of  the  electricity,  two  sparks 
will  proceed  at  the  same  time,  trom  the  con- 
ductor and  the  finger,  accompanied  with  a 
snapping  noise,  which  will  even  occasion  some 
pain.  When  the  person,  whom  we  suppose  to 
be  on  the  floor,  touches  the  conductor,  it  will 
give  no  more  signs  of  electricity,  because  be 
will  then  be  in  communication  with  the  whole 
mass  of  non-electric  bodies  with  ^I^ich  bç  is  in 
contact. 
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EXPERIMENT  II. 

Communication  of  Electricity  to  Several  Persons. 

Cause  the  person,  above  mentioned,  to  stand 
on  a  cake  of  resin,  by  wliicli  means  he  will  be 
insulated  from  the  floor,  and  put  the  niaclnne 
Uk  motioa.  This  person,  as  well  as  the  con- 
iluctor,  will  thus  be  electrified  ;  so  that  all  those, 
not  in  the  same  state,  who  happen  to  touch  each 
other,  will  elicit  electric  sparks. 

Twenty  persons,  and  more,  may  be  electrified 
in  this  manner,  provided  they  are  insulated. 

SZFIRIMEXT  lU» 

Attraction  and  Repulsion. 

Present  to  the  person  electrified,  or  to  the 
conductor,  some  gold  leaf  or  tin-foil,  or  bits  of 
straw,  or  paper,  or  other  light  non-electric 
bodies.  When  at  a  proper  distance,  you  will 
see  them  dart  towards  the  electrified  body  ;  but 
as  soon  as  they  have  touched  it,  they  will  be 
repelled.  If  you  then  receive  them  on  a  non- 
electric body,  as  soon  as  they  touch  it,  they  will 
return  towards  the  el^ctrifijed  body,  and  will  be 
«gain  repelled  ;  and  so  on  alternately. 

EXPERIMENT  IV. 

Some  Electric  AmusémentSj  foinuled  on  tiie  pre- 
ceding property.  The  Gold  Fish  ;  the  Elec- 
tric Dance  ;  the  Luminous  Rain. 

*    The   property  which  electric  bodies  have  of 
repelling  each  other,  when  in  that  state,  and  of 
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attracting  each  other  when  one  of  them  only  is 
electrified,  has  given  rise  to  several  very  agreeable 
amusements,  which  we  shall  here  explain. 

L  Cut  a  piece  of  strong  gold  leaf  into  the  form  of 
a  rhombus,  two  opposite  angles  of  which  may  be 
very  obtuse,  while  the  other  two  are  very  acute. 
Present  this  metallic  leaf  to  the  conductor,  in 
such  a  manner  that  one  of  the  acute  angles  shall 
be  first  raised,  and  immediately  put  below  it  a  « 
metallic  plate.  You  will  then  see  the  leaf  place 
itself  between  the  conductor  and  the  plate,  and 
remain  in  that  state  almost  motionless. 

Cut  leaves  of  metal  of  this  kind  into  tlie 
shape  of  the  human  figure,  having  an  acute 
angle  at  the  top,  like  a  point>ed  cap,  and  lay 
them  flat  on  the  plate  :  if  you  then  place  them 
below  the  conductor,  on  another  plate,  you  will 
see  them  start  up,  leap  towards  the  conductor, 
then  fall  down,  turning  round  with  more  or  leas 
rapidity,  so  as  to  represent  a  kind  of  dance;  and 
if  the  experiment  be  performed  in  the  dark,  you 
will  observe  luminous  aigrettes  dart  alternately 
from  the  head  and  the  feet,  which  will  form  a 
very  agreeable  spectacle. 

IL  Cut  a  piece  of  the  same  gold  leaf  into  a 
figure  Tcry  much  lengthened  on  one  side,  but 
on  the  other  much  less  acute  ;  to  this  part  if 
you  choose  you  may  give  the  form  of  the 
head  of  a  fish.  If  you  lay  hold  of  it  by  the  acute 
angle,  and  present  the  obtuse  one  to  the  con- 
ductor, at  the  distance  of  a  foot,  if  the  electricity 
be  strong,  it  will  escape  from  your  fingers,  and 
will  fly  with  an  undulating  motion  towards  the 
conductor,  above  which  it  will  place  itself  a( 
the  distance  of  the  eighth  part  of  an  inch,  turn- 
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inff  towards  it  fhe  obtdse  angles  Sometime»  ifc 
viTl  jupproach  so  near  as  to  come  into  'contaat 
with  It;  ami  will  be  immediately  repelled,  ftmat- 
iog  tlve  representation  of  a  small  fish  going 
to  attack  or  bite  the  conductor.  This  amuse- 
ment therefore  has  been  called  the  Goldjfisk. 

III.  The  luminous  rain  may  be  produced  in 
the  following  manner.    Suspend. from  the  con- 
ductor a  circular  plate»  5  or  6.  inches  in  dia- 
'  meter  ;  then  provioe  a  metallic  plate  in  the  form 
of  a  saucer,  and  surronnd  the  edge  of  it  with  n 

S^ass  cylinder  5  or  6  inches  in  height     Cover 
is  plate  with  veiy  fi^ne  light  shavings  of  metal^ 
and  place  it  under  the  plate  suspended  from  the 
conductor.     When  the  latter  is  strongly  electri- 
fied, you  will  see  all  these  small  leaves  of  metal* 
ascend  from  the  lower  to  the*upper  plat^  and 
sparkle;  being  then  repelled  to  the  lower  one^ 
they  wiU  again  sparkle,  or  will  sparkle  betwcem 
the  plates,  when  one  which  is  electrified  meets 
with  one  not  electrified  :  bv  these  means  the  glass 
cylinder  will  be  filled  with  a  great  deal  of  light, 
which  will  exhibit  the  appearance  of  a  shower 
of  fire. 


EXPERIMiNT  V. 

Repulsion  between  bodies  equally  elecir^ed^ 

Suspend  from  the  extremity  of  the  conductor 
two  threads  of  any  non-electric  matter  ;  such  as 
flax,  hemp,  or  cotton,  which  will  hang  dewn 
perpendicularly,  and  touch  each  other,  if  theit: 
upper  extremities  are  in  contact     If  you  thei) 
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work  the  machine,  and  produce  electricity  in  the 
conductor  and  these  threads,  you  will  see  them 
repel  each  other>  and  form  an  angle  of  greater 
extent  as  the  electricity  is  stronger.  When  the 
electricity  decreases,  they  will  approach  each 
other. 

This  experiment  proves  a  very  important  fact 
in  the  theory  of  electricity  ;  which  is,  that  two 
bodies,  similarly  electrified,  repel  each  other: 
and  hence  we  are  enabled  to  explain  several 
electric  phenomena  and  amusements. 

EXPERIBIENT  VI. 

'Construction  of  an  Electrometer. 

By  the  preceding  experiment  we  are  furnished 
with  the  means  of  determining  the  strength  of 
electricity;  and  the  two  threads,  above  men- 
tioned, may  be  considered  as  a  sort  of  electro- 
meter. However,  as  two  threads  of  this  kind 
may  be  subject  to  various  movements,  independ- 
ent of  electricity,  electricians  have  almost  uni- 
versally adopted  the  following  instrument,  whiclji 
is  equally  simple. 

The  whole  of  this  machine  consists  of  two 
small  balls,  two  lines  in  diameter,  made  of  cork 
or  the  pith  of  the  elder  tree,  and  fixed  to  the  two 
extremities  of  a  thread  capable  of  conducting 
electricity.  This  thread  is  made  to  pass  over 
the  conductor  in  such  a  manner,  that  the  two 
balls  hang  at  the  same  height.  As  soon  as  elec- 
tricity is  produced  in  the  conductor,  and  con- 
sequently in  the  small  balls,  they  diverge  from 
each  other,  and  the  magnitude  of  the  angle 
formed  by  the  threads  will  convey  soo^e  idea  of 
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the  intensity  of  the  electricity.  We  say  conveys 
an  idea  of  this  intensity  ;  for  it  is  not  possible, 
cither  by  this  or  any  other  method,  with  which 
wc  are  acquainted,  to  determine  when  the  elec- 
tricity is  double,  triple,  or  quadruple,  &c  ;  ^"^ 
we  are  at  least  enabled  to  conclude,  that 


but 
one 


degree  of  electricity  is  greater  or  less  than  an- 
other; or  that  two  degrees  of  electricity  are 
equal,  according  as  the  divergency  of  the  balls 
is  greater  or  less  or  the  same,  which  in  general 
is  all  that  is  necessary  to  be  known. 

EXPEBIMEKT  VII. 

To  kindle  spirit  of  wine  by  means  of  the  *  electric 

spark. 

When  a  person  is  electrified,  if  another  stand- 
ing on  the  floor  approaches  him^  having  in  his 
hand  a  spoon  filled  with  spirit  of  wine,  well 
dephlegmated,  and  somewhat  heated;  and  if 
the  electrified  person  presents  his  finger  to  the 
spirit  of  wine,  or,  what  is  still  better,  the  point 
of  some  blunt  instrument,  or  the  point  of  a 
sword,  an  electric  spark  will  proceed  from  the 
liquor,  and  set  it  on  fire. 

If  the  painful  sensation  produced  by  the  elec- 
tric spark,  could  leave  any  doubt  of  its  being 
real  fire  ;  this  experiment  must  be  a  convincing 
proof  of  it. 
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EXPERIMENT  VHI. 

Properties  of  Sharp  Points  or  Spikes. 

Instead  of  a  conductor^  such  as  that  above 
described,  if  you  employ  an  angular  bar  of 
metal,  or  a  bar  terminating  in  one  or  more 
points  ;  on  approaching  your  finger  to  one  of 
the  angles  or  points,  when  the  machine  is  put 
in  motion, , but  not  in  such  a  manner  as  to  pro- 
duce an  electric  sparky  you  will  feel  something 
exhaled  like  a  gentle  breath  of  wind^  and  evea 
witli  a  sort  of  crackling  noise. 

But,  if  the  experiment  be  performed  in  the 
dark,  you  will  enjoy  a  very  beautiful  spectacle  ; 
for  when  the  electricity  is  strong,  you  will  see 
luminous  gerbes  issue  from  the  angles  of  the 
conductor,  and  these  gerb^  will  be  considerably 
increased  on  presenting  your  finger  to  them. 

You  will  discover,  at  the  same  time,  that  the 
cause  of  this  gentle  breath,  accompanied  with 
noise,  is  nothing  else  than  the  eruption  of  the 
electric  fluid,*  whatever  it  may  be,  from  the 
electrified  body,  which  rushes  towards  your 
finger.  Hence  it  follows  that  it  is  a  body, 
since  it  re-acts  against  another  body. 

It  is  to  be  observed,  that  when  the  electrified 
body  is  angular,  it  loses  much  sooner  the  clec-» 
tricity  which  has  been  communicated  to  it. 
These  angles  and  points  seem  to  be  so  many 
spontaneous  dischargers  of  the  electric  matter  ; 
they  ought  therefore  to  be  avoided  in  bodies  in- 
tended to  be  electrified,  and  in  which  you  are 
desirous  to  maintain  the  electricity  as  long  as 
possible. 
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EXPERIMENT  IX. 

Difference  between  Pointed^  and  Blunt  bodies* 

Electrify  strongly  in  the  dark  a  common 
conductor^  or  any  other  body  whatever,  not  an- 
gular^ and  when  it  is  strongly  charged,  present 
to  it  a  blunt  body,  such  as  the  finger  or  a  spike 
rounded  at  the  end,  holding  it  so  near  it  as  ta 
elicit  the  electric  spark.  But  if  you  present  to  it 
a  very  sharp  instrument  or  spike,  you  will  see  a 
luminous  star  formed  at  the  extremity  of  it,  even 
before  it  is  brought  so  near  ;  and  if  the  electrified 
body  does  not  every  moment  receive  a  fresh 
supply  of  electricity,  it  will  thus  soon  be  de- 
pnved  of  it. 

If  this  spike  be  supported  by  a  cake  of  resin, 
it  will  itself  become  electrified  ;  but  the  electri- 
city of  the  conductor  will  not  be  entirely  de- 
stroyed. 

It  appears  from  this  experiment,  that  if  the 
luminous  gerbes,  in  the  preceding  one,  are 
formed  by  a  matter  which  flows  otf  from  the 
electrified  body,  the  case  in  the  present  instance 
is  contrary  :  they  are  formed  by  a  matter  wliich 
throws  itself  towards  the  point  presented  to  the 
electrified  body.  What  indeed  can  be  said  when 
we  observe  a  non  electrified  body  become  so  by 
this  method  ;  but  that  the  electric  matter,  fire,  or 
fluid,  whatever  it  be,  proceeds  from  the  electri- 
fied body  to  another,  especially  as  it  is  certain 
that  the  former  thereby  loses  either  the  whole 
or  a  part  of  its  electricity,  according  to  circum- 
stances, that  is  to  say,  accordiiia:  as  the  other 
stands  on  the  floor  or  is  insulated  ? 


But  howevef  this  may  be,  the  following  is  a 
singular  and  remarkable  property  of  pointed  bo- 
dies. 'I'lie  exti-aordinary  use  which  Dr.  Franklin 
made  of  it  will  be  shewn  hereafter. 

EXPERIMENT  X. 

Method  of  knaicing  whether  a  body  be  in  a  stdte  of 

electricity. 

When  two  bodies  arc  equally  electrified,  if 
they  be  brought  into  contact  with  each  other, 
no  sign  of  electricity  vnW  be  manifested  between 
them,  by  sparks  or  any  electric  emanation. 

This  may  be  easily  proved  ;  for  if  a  person 
electrified  by  touching  the  conductor,  gives  his 
hand  to  another  electrified  in  the  same  manner, 
there  will  be  no  spark. 

These  two  persons  however  may  know  that 
they  are  electrified  by  the  following  sign.  -  Let 
each  of  them  take  in  his  hand  a  thread,  made 
of  any  non -electric  substance,  or  a  cork  ball 
suspended  from  such  a  thread  ;  if  these  two  balls 
or  two  threads  repel  each  other,  it  may  be  coup 
eluded  that  tlie  persons  are  in  an  electric  state* 

EXP£RIM£KT  XL 

Distinction  bettt^een  the  Tuo  Kinds  of  electricityé 

Provide  two  electric  machines,  one  of  them 
constructed  as  they  were  formerly,  that  is,  with 
a  glass  globe,  and  the  other  with  a  globe  of  suU 
phur  instead  of  glass  :  if  a  conductor  be  then 
electrified  by  each  of  them  at  one  of  its  jends^ 
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you  will  see  with  astonishmefit,  if  the  machines 
are  moved  with  equal  .velocity,  that  scarcely 
any  sparks  can  be  extracted  tVcm  the  conductor. 
The  case  certainly  would  not  be  the  same,  if 
the  conductor  were  electrified  by  means  of  two 
glass  globes  at  the  same  time,  or  with  two  globes 
of  sul|>hur;  the  sparks  would  be  much  stronger 
than^if  one  globe  had  been  put  in  motion. 

REMARK. 

This  experiment,  which  Dr.  Franklin  says  he 
made  at  the  request  of  his  friend  Mr.  Kinnersley, 
seems  to  nie  to  leave  no  doubt  in  regard  to  the 
diflRerence "between  electricity  communicated  by 
glass,!  and  that  communicateil  by  sulphuf  ;  and 
consequently  establisiUec  the  distinction  of  vi- 
"treous  and  sulphureous  or  resinous  electricity  ;  a 
tlistinction  before  asserted  by  Dufay. 

Dufay  indeed  had  observed,  that  thouirh  two 
bodies  electrified  by  glass  or  sulphur  mutually 
repelled  each  othçr.  yet  when  one  of  tliem  was 
.electrified  by  the  one  of  these  substances,  and 
•tlie  other  by  the  other>  instead  of  repelling-,  they 
attraxiicd  each  other.  We  do  not  think  that  anv 
stronger  proof  of  the  two  states  can  be  desired. 

If  to  this  be  added  the  above  experiment  of 
Dr.  Franklin,  how  can  we  elude  the  consequence 
which  lu'  and  Dufay  deduce  from  it  ?  F()r,  it  is 
well  known  that  two  bodies  equally  electrified 
by  a  gla^s  globe,  may  touch  each  other  without 
43roducing  a  spark,  and  without  the  electrical 
virtue  beino:  diminished  in  either  of  them.  Since 
these  bodies  then  electrified,  one  by  tlie  glass 
and  x\\t.  other  by. the  sulphur,  mutually  destroy 
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each  other's  electricity,  the  one  must  be  of  a 
nature  contrary  to  the  other^  and  entirely  dif- 
ferent 

Some  able  philosophers  however,  notwith^ 
3tandins^ '4hese  reasons,  persist  in  rejecting  this 
distinctién  ;  but  in  our  opinion  they  labour 
under  the  influence  of  prejudice,  or,  being  se- 
duced by  peculiar  ideas»  keep  their  eyes  shut 
against  the  light.  We  are  inclined  to  think, 
that  if  the  abbé  Nollet  had  not  previously 
formed  his  system  on  electricity,  he  would  have 
adopted  the  distinction  of  the  two  kinds. 

However,  as  this  is  the  proper  place,  we  shall 
here  give  an  idea  of  Dr  Franklin's  system  in 
regard  to  electricity.  According  to  this  cele- 
brated philosopher,  all  bodies  in  their  natural 
state  contain  in  their  substance,  or  on  their  sur- 
face, a  certain  quantity  of  a  fluid,  which  is  the 
electric  fluid.  The  air,  which  when  dry  is  not  a 
conductor  of  electricity,  prevents  its  dispersion. 
But  the  friction  of  certain  bodies,  glass  for  ex- 
ample, collects  on  the  surface  of  them  a  greater 
quantity  of  the  fluid  ;  so  that  if  the  glass  be  in 
contact,  or  very  near  to  a  body  electric  by  com- 
munication, such  as  a  mass  of  iron,  the  fluid  ac- 
cumulated on  the  suiiace  of  the  glass  tends  to' 
pass  into  the  mass  of  iron,  in  order  to  preserve 
an  equilibrium.  By  these  means  this  mass  ac- 
quires a  greater  quantity  of  the  electric  fluid, 
and  is  then  electrified  positively.  But  if  the 
electric  body,  instead  of  acquiring  by  friction  a 
greater  quantity  of  the  electric  fluid,  loses  some 
of  what  it  had,  as  is  the  case  with  sulphur,  the 
body  in  contact  with  it  will  lose  a  part  of  its 
own  natural  electricity,  and  will  then  be  electri* 
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ficft  ?ir!(ûthr/jf.  The  one  will  have  more  electric 
tluid  than  it  has  in  its  natural  state,  and  that  of 
all  the  hodics  which  have  a  coninmnicatiou  with 
the  eaith  ;  the  other  Mill  1ml ve  less.  Such  is 
the  nature  oï  po^sitire  and  negative  electricity. 

It  must  however  he  allowed,  that  ittloes  not 
clearly  appear  how  tVicticm  shouUl  accumulate 
on  the  surface  of  the  rubbed  body,  a  greater 
quantity  of  the  electric  fluid.  It  is  not  even 
known  whether  the  effect  of  friction  is  to  accu- 
mulate the  fluid  on  the  glass,  or  to  diminish  tlic 
quantity  of  it;  whether  it  lessens  it  on  sulphur 
and  resins,  or  increases  it.  Hence  it  is  uncer- 
tain which  \s  the posithx  tuà  \\'h\c\\  Û\ç^  ntgathe 
electricitv  :  but  we  know  bevond  a  doubt,  that 
their  effects  are  contrary-,  and  this  is  sufficient. 
Several  reasons  however  make  it  probable,  that 
the  electricity,  produced  by  the  friction  of  glass, 
is  the  positive,  or  accumulated  electricity. 

Notwithstanding  this  uncertainty,  Franklin  s 
theorv  has  a  <rreat  advantai*:e  over  tliat  of  the 
abbé  Nollct.  The  latter  supposes  a  matter  dif- 
fused throfiirhuut  all  bt)dics,  and  even  in  the 
atniosj)licrc^,  which  with  all  other  electricians  he 
rails  the  electric  fluid.  In  this  he  amees  with 
Dr.  l'Vaîîklin;  but  he  thinks  the  effect  of  friction 
'  is  to  make  tliis  fluid  sometimes  issue  from  the 
pores  of  tlic  body  rubbed,  and  sometimes  to  at- 
tract it.  Klectricitv  therefore,  or  the  electric 
fluid,  is  sometimes  eljluent,  and  sometimes  afflu- 
ent ;  and  it  is  bv  means  of  this  eflluence  or  alHu- 
ence  that  this  philosopher  explains  all  the  phe- 
nomena of  electricity.  But  the  great  defect  of 
this  system  is,  that  eveiy  thing  in  it  is,  as  we  may 
say,  arbitrary.     AV'hat  cannot  be  explained  by  the 
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affluent  fluid,  may  be  explained  by  the  eifluent. 
These  arc  the  diflferent  matters  of  Descartes,  or 
his  subtle  matter,  which  may  be  applied  to  every 
thing.  On  the  other  hand,  in  the  system  of 
Franklin,  the  effects  are  much  better  connected 
with  the  causes,  even  supposing  them  hypotheti- 
cal. Why  does  a  spark  issue  when  a  body,  posi- 
tively or  negatively  electrified,  is  brought  near 
to  another  which  is  in  its  natural  slate  ?  The 
answer  is  easy.  The  electric  fluid  accumulated 
on  the  one  side,  and  extended  in  the  form  of  an 
atmosphere,  as  it  were,  on  the  surface  of  a  body, 
puts  itself  in  equilibrium,  when  it  comes  in 
contact  with  another  electric  atmosphere  Jess» 
condensed  :  the  fluid  divides  itself  equally  be- 
tween the  two  bodies;  which  cannot  be  done 
without  an  exceediiigly  rapid  movement  that 
produces  light.  But  what  is  most  remarkable  in 
the  hypothesis  of  Franklin,  and  is  almost  the 
touchstone  of  truth,  is,  that  even  the  bare  de- 
scription of  the  simplest  experiment,  to  those  who 
have  properly  comprehended  tîiis  hypothesis,  is 
sufficient  to  enable  them  immediately  to  guess 
the  result.  The  case  is  not  the  same  with  thu 
sj'stem  of  the  abbé  Nollct  :  none  of  the  efl^ccts 
about  to  be  produced  are  foreseen,  and  if  every 
thing  be  explained,  it  i*  because  no  effect  i» 
connected  with  its  cause.  Had. the  phenomenon 
been  quite  contrary,  it  might  have  been  explain- 
ed with  the  same  ease  :  ettluence  could  be  em- 
ployed instead  of  affluence,  one  is  the  remedy 
or  supplement  of  the  other. 

We  must  however  acknowledge,  that  there 
arc  some  facts  diflicult  to  be  reconciled  with 
the  motion  of  the  electric  fluid,  which  is  a  neces- 
sary consequence  of  Franklin*s  system* 
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For  example,  when  the  finger  is  brought  near 
to  a  body,  electrified  either  positively  or  nega*' 
tiuely,  why  do  we  see  a  double  spark  proceed, 
firom  each  of  these  bodies?  It  would  appear  that 
it  ought  to  proceed  only  from  that  which  is  en- 
dowed with  positive  electricity. 

In  a  certain  experiment,  in  which  a  quire  of 
paper  is  pierced  by  the  electric  spark,  why  is  the 
rough  edge  of  the  hole  turned  in  a  direction 
contrary  to  that  in  which  it  ought  to  be,  if  the 
fluid  accumulated  on  the  suriace  of  the  electrified 
bo^y,  were  the  only  one  that  proceeded  to  the 
body  negatively  electrified  ?  We  shall  omit  several 
others,  which  have  been  remarked  by  the  parti- 
sans of  the  abbé  NoUet,  and  only  observe  that 
there  is  still  reason  to  suspend  our  opinion  on 
t}ie  mechanism  of  this  phenomenon. 

EXPERIMENT    XII, 

The  Ley  den  Flasks  and  Shock. 

There  is  not  perhaps  in  natural  philosophy,  a 
phenomenon  more  astonishing  than  that  which  ^ 
we  are  about  to  describe.  Provide  a  flask  of 
very  thin  white  glass,  with  a  long  neck,  and  fill 
about  two  thirds  of  it  with  water,  or  metallic  fil- 
ings, or  raspings  of  lead.  Close  it  with  a  cork 
stopper,  and  introduce  into  it  through  the  cork, 
an  iron  wire,  so  as  to  be  immersed  with  one  end 
in  the  water  or  filings,  while  the  other  projects 
some  inches  beyond  the  cork,  and  terminates  in 
a  blunt  or  crooked  extremity. 

When  the  flask  is  thus  prepared,  lay  hold  of 

it  by  the  belly,  and  present  the  iron  wire  to  the 

conductor  of  the  electrifying  machine  while  in 
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action.  '  By  tlvese  means  the  flask  ^U  be  charged. 
While  the  wire  is  in  contact  with  the  conductor,  if 
you  then  endeavour  to  touch  the  latter,  or  the  iron 
wire,  with  the  other  hand^  you  will  experience 
throughout  your  whole  body  a  violent  shock,  which 
will  seem  to  affect  more  particularly,  sometimes  your 
breast,  sometimes  your  shoulders,  and  sometimes 
your  arm  or  wrist. 

The  same  effect  will  be  experienced  if  you  retire,' 
holding  the  bottle  by  the  belly  with  one  hand,  and 
touch  the  iron  wire  with  the  other. 

Nay,  a  chain  may  be  formed  of  as  many  persgns 
as  you  choose,  holding  each  other  by  the  hand,  and 
without  being  insulated.     The  first  person  holds  the 
bottle  in  his  hand,  or  only  touches  it,  while  the  iron 
wire  is  in  contact  with  the  conductor  ;  and  the  last 
touches  the  conductor  :  all  those  who  form  the  chain 
will  experience  the  before-mentioned  shock  at  the 
same  instant.     When  the  flask  is  of  considerable 
size,  and  has  been  well  charged,  the  shock  is  some- 
times so  violent,  that  those  subjected  to  it  suffer  a 
momentary    loss  of  respiration.      The   celebrated 
Muschenbroek,  to  whom  M.  Cuneus  exhibited  this 
phenomenon,  which  he  had  discovered  by  accident, 
received,  according  to  every  appearance,  a  violent 
shock,  since  in  announcing  it  to  the  French  philoso- 
phers, he  protesred  that  he  u  ould  not  expose  himself 
to  it  a  second  time,  for  the   whole  kingdom  of 
France.     1 1  is  however  probable  that  he  afterwards 
became  bolder.     As  this  singular  experiment  was 
first  performed  at  Leyden,  it  is  generally  called  the 
Lcyden  experiment^  and  the  bottlej  so  prepared,  is 
distinguished  by  the  name  of  the  Leyden  Jiask  oxpbiaU 

M  he  Fiench  philosophers  once  formed  a  chain 
900  toises  in  length,  by  means  of  200  persons,  -all 
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çoimected  by  iron  wires  ;  and  all  these  persons  ëst- 
perienced  the  shock  at  the  same  instant.  Another 
time  they  tried  to  transmit  the  shock  along  an  iron 
3me  dooo  toises  in  lengthy  and  the  experiment  suc- 
ceeded, though  the  wiire  passed  t>ver  the  wet  grass, 
and  newly  ploughed  laÀd.  In  short,  they  compre*» 
bended  in  the  chain  the  ^ter  in  the  grand  bason  of 
the  Tuilleries,  which  is  neat4y  an  acre  in  extent,  and 
the  shock  was  transmitted  very  well  across  it. 

ll£MARKS. 

I.  As  some  inconvenience  resulted  from  the 
height  of  the  water  or  filings,  put  at  first  into  the 
fl^k,  the  idea  was  afterwards  conceived  of  covering^ 
the  inside  of  it  with  a  metallic  coating»  This  may 
be  done  in  several  ways.  The  most  simple  is  to 
pour  into  the  bottle  strong  gum  water,  and  to 
moisten  with  it  the  part  intended  to  be  coated.  The 
superfluous  gum  water  is  then  poured  out,  and  very 
fine  copper  filings  are  put  into  the  bottle  :  these 
filings  adhere  to  the  gum  water,  and  form  an 
internal  coating,  which  must  be  in  contact  with  thç 
iron  wire,  that  the  bottle  may  be  charged.  ^ 

The  effect  of  the  Leyden  flask  may  be  increased 
also  by  covering  a  great  part  of  the  outside  of  it  with 
tin-foil. 

II.  The  flask  may  be  charged  in  another  manner, 
that  is  to  say,  externally.  For  this  purpose,  hold  it 
suspended  in  the  one  hand  by  the  hook  or  iron  wire 
on  the  outside,  and  bring  the  inside  into  contact 
with  the  electrified  conductor.  If  it  be  then  touched 
on  the  outside  with  the  other  hand,  you  will  expe- 
rience a  shock.  You  may  form,  in'  like  manner,  a 
chain  of  several  persons^  the  last  of  whom,  or  the 
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one  farthest  distant  from  the  person  who  holds  the 
iron  wire^  by  touching  the  outside  of  it,  will  produce 
the  same  phenomenon  throughout  the  whole  chain* 

III.  Dr.  Franklin  observed  the  following  very 
singular  circuitistance,  which  takes  place  in  ^>er« 
forming  the  Léyden  experiment  :  if  vou  are  desirous 
of  charging  the  inside  of  the  jar  or  flask,  the  outside 
must  communicate  with  some  body  which  is  a  con* 
due  cor  of  electricity  ;  for  if  the  flask  be  placed  on 
a  cake  of  resin,  it  will  be  in  vain  to  electrify,  by  the 
conductor  of  the  machine,  the  wire  which  touches 
the  water  or  metallic  coating  in  the  inside:  the  flask 
will  not  become  charged,  is  it  necessary,  before  it 
can  be  charged,  that  in  proportion  as  the  electricity' 
is  accumulated  on  one  Iside,  it  should  be  diminished 
on  the  other?  This  is  the  conclusion  which  Dn 
Franklin  forms,  and  which  appears  indeed  to  be 
agreeable  to  reason.  But  how  is  it  that  the  electric 
fluid  is  expelled  from  one  side,  while  the  other  be- 
comes more  highly  charged  with  it?  This  appears 
to  us  to  be  a  considerable  difficulty. 

IV.  The  jar  seems  to  be  impermeable  to  electricity, 
at  least  when  cold,  or  when  it  has  only  the  tempera- 
ture  of  the  atmosphere.  Dr.  Franklin  once  tried  to 
grind  away  the  belly  of  a  charged  flask,  which  was 
of  the  usual  thickness.  He  ground  down  4-  of  its 
thickness,  without  its  being;  discharged,  which  would 
have  been  the  case  if  the  nuid  in  the  inside  had  com- 
municated with  that  on  the  outside.  It  is  to  be 
wished  that  this  philosopher  had  continued  to  dimi- 
nish the  thickness,  until  a  discharge  had  taken 
place. 

But  when  the  glass  is  dilated  and  softened  by  a 
heat  which  brings  it  nearly  to  a  state  of  fusion,  it 
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then  not  only  becomes  a  conductor  of  electricity, 
but  the  charged  jar  discharges  itself  spontaneously. 

V.  If  a  chain,  suspended  from  the  conductor,  be 
introduced  into  the  flask  >vhile  held  in  the  hand,  it 
becomes  charged  in  the  like  manner  ;  but  if  the  flask 
be  lowered  in  such  a  manner,  as  no  longer  to  sup- 
port any  portion  of  the  chain,  it  then  gives  no  more 
signs  of  electricity. 

There  is  reason  thence  to  conclude  that  the 
electricity,  with  which  the  inside  of  the  bottle  is 
charged,  ought  to  have  for  its  support  some  non* 
electric  matter,  or  a  conductor  ^f  electricity.  It 
would  be  in  vain  to  attempt  to  charge  an  empty 
bottle,  or  a  bottle  not  covered  in  the  inside  with  a 
metallic  coating. 

VI.  If  the  inside  of  the  bottle  be  charged,  making 
it  communicate  by  the  hooked  wire  with  a  conductor 
positively  electrified,  the  outside  will  then  be  nega- 
tively electrified  ;  for  the  outside  will  attract  the 
small  ball  of  cork  suspended  from  the  conductor, 
while  the  hook  of  the  flask  repels  it.  But  it  is  well 
known  that  an  electrified  body  repels  another  elec- 
trifled  like  itself;  it  attracts  only  bodies  not  electri- 
fied, or  electrified  in  a  contrary  sense.  Since  the 
outside  of  the  bottle  then,  electrified  bv  the  hook, 
attracts  the  small  ball  of  cork,  the  cleciricity  of 
which  is  of  the  same  nature  as  that  of  the  conductor, 
or  of  the  inside  of  the  jar,  the  exterior  electricity 
must  be  of  a  nature  entirely  different. 

4 

Vii.  If  you  have  two  equal  flasks^  equally 
charged,  and  in  the  same  planner,  and  if  you  then 
bring  tlicni  near  to  each  other,  so  as  that  the  hooks 
or  the  sides  of  them  be  in  contact,  they  will  not  Jje 
discharged  ;  but  if  you  apply  the  hook  of  the  one  to 
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the  side  of  the  other,  a  discharge  will  immediately 
take  place. 

If  one  of  the  flasks  be  charged  by  a  globe  of 
sulphur,  and  the  other  by  a  globe  of  glass,  if  the 
hook  of  the  one  be  then  made  to  approach  the  hook 
of  the  other,  or  the  side  of  the  one  the  side  of  the 
other,  they  will  be  discharged. 

VI [I.  If  several  persons,  instead  of  holding  each 
other  by  the  hands,  present  to  each  other  the  tips  of 
their  fingers,  at  the  distance  of  one  or  two  lines,  at 
the  moment  when  the  last  touches  the  conductor^ 
you  will  observe  between  all  the  fingers  an  electric 
spark,  and  each  will  experience  a  shock. 

IX.  If  the  peisons,  instead  of  holding  each 
other  by  the  hands,  form  a  communication  with 
each  other  by  holding  glass  tubes  filled  with  water, 
and  stopped  with  a  cork,  through  which  passes  an 
iron  wire  immersed  in  the  fluid,  and  which  is  in  con- 
tact with  each  person,  at  the  moment  when  the  last 
person  touches  the  conductor,  or  the  wire  immersed 
m  the  flask,  you  will  perceive  a  train  of  light  in  the 
water  in  each  tube,  which  will  be  wholly  illuminated 
by  it. 

X.  The  chain  being  formed,  if  one  or  two  or 
more  persons  form  a  new  one,  connected  on  one 
side  with  those  who  form  the  first  chain,  and  on  the 
other  side  with  another  person  of  the  same  chain, 
those  of  the  latter  will  experience  nothing  ;  the 
electric  fluid  seems  to  proceed  from  one  end  to  the 
other  of  the  first  chain,  by  the  shortest  route. 
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EXPERIMENT    XTII. 


Another  method  ef  giving  the  shock,  namely^  by  an 
electric  pane  of  glass.  To  pierce  a  quire  of  paper  by 
the  electric  spark. 

Docs  the  singular  effect  observed  in  the  preceding 
experiment  depend  on  the  figure  of  the  Leyden  jar, 
or  merely  on  the  nature  of  the  glass  ?  This  question, 
which  naturally  occurs,  is  answered  by  the  following 
experiment  :  it  proves  that  the  effect  alluded  to 
depends  entirely  on  the  nature  of  the  glass. 

Take  a  pane  of  glass  of  any  dimensions,  and  cover 
both  sides  of  it  with  tin-foil,  leaving  on  each  side  a 
border  of  the  glass  uncovered;  place  the  glass 
horizontally  6n  a  non-electric  supporter,  and  piake 
the  chain  of  the  conductor  to  fall  on  its  surface. 
If  you  then  put  the  machine  in  motion,  the  glass 
will  become  charged  like  the  Leyden  flask  ;  that  is, 
if  resting  one  side  of  the  discharger  on  the  upper 
surface,  the  other  be  applied  to  the  lower  one,  you 
will  extract  a  strong  and  powerful  spark.  If  the 
glass  be  large,  it  will  be  dangerous  to  touch  one  of 
the  surfaces  with  the  one  hand,  and  the  other  with 
the  other. 

If  you  are  desirous  to  pierce  a  quire  of  paper  with 
the  electric  spark,  you  must  proceed  as  follows, 
ilxtend  a  piece  of  iron  wire  on  a  table,  and  place 
over  it  the  pane  of  glass,  so  that  the  end  of  the  wire 
shall  touch  the  coating  of  the  lower  side  :  on  the 
upper  coating  place  a  quire  of  paper  j  then  electrify 
the  upper  surface  by  means  of  the  chain  of  the  con- 
ductor, which  must  be  made  to  fall  upon  it.  When 
you  think  the  electricity  is  very  strong,  bring  one  of 
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the  ends  of  the  discharger  into  contact  with  the  wire» 
and  apply  the  e^her  end  to  the  paper.  A  very 
strong  spark  \?ili  issue  from  it,  with  a  noise  like  the 
report  of  a  pistol  ;  and  the  quire  of  paper  will  be 
pierced  through  and  through. 

If  the  experiment  be  made  with  a  piece  of  glass 
of  about  35  inches  square,  150  sheets  of  paper,  and 
even  more,  may  thus  be  pierced. 

This  tnechod  of  performing  the  Lfeyden  experi- 
ment is  attended  with  the  advantage  of  greatly 
increasing  its  eflfect  ;  for  the  surface  of  the  largest 
flask  can  contain  no  more  than  two  or  three  squars 
feet.  But  a  plate  of  glass,  36  inches  in  every  di- 
rection  contains  9  square  ^t,  and  the  eSecc  is 
thereby  increased  in  the  same  propordon. 

It  may  be  easily  seen^  that,  in  performing  this 
experiment,  you  must  take  care  not  to  stand  in  the 
circle  between  the  upper  and  lower  surface,  other- 
wise you  might  1  un  the  danger  of  being  killed. 

EXPfiRIMKNT  XIV. 

Means  of  increasing^  as  it  were  indefimtelj^  the  force 
of  electricity. — The  Electric  Battery, 

A  single  flask,  charged  with  electricity,  does  not 
produce  a  very  great  effect  ;  but  this  effect  is  in- 
creased according  as  the  volume  of  the  jar  is  aug-^ 
mented.  It  would  however,  be  inconvenient,  and 
perhaps  impossible,  to  obtain  jars  beyond  a  certain 
size  ;  for  this  reason  several  jars  have  been  substituted 
in  the  room  of  one  ;  but  the  united  effect  of  them 
is  exceedingly  dangerous,  unless  great  precautions 
are  employed. 

For  this  purpose,  instead  of  long-necked  flasks. 
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several  large  cylindric  jars^  of  a  much  greater  length' 
than  breadth,  must  be  employed.  It  is  not  necessary 
however  that  their  diameter  should  be  very  great^ 
because  cylinders  of  a  small  diameter  have,  in  pro- 
portion to  their  solidity,  a  greater  surétce,  and 
surface  is  what  is  required  to  be  increased.  They 
are  lined  on  the  inside  with  a  coating  of  tin-foil, 
which  covers  the  bottom  and  sides  to  vnthin  two 
inches  of  the  brim.  Aûd  they  are  coated^  in  the  same 
maimer,  on  the  outside  ;  after  which,  they  are 
arranged  close  to  each  other  in  a  box,  lined  also  in 
the  inside  with  tin-foil  and  copper-filings.  The  tin- 
foil communicates  with  a  wire  ring  projecting  from 
each  jar,  and  to  these  rings  is  attached  the  chain, 
by  means  of  which  a  communication  is  established 
between  any  body  and  the  exterior  part  of  the 
battery. 

To  establish  a  communication  with  the  inside  of 
the  jars,  a  piece  of  iron^wire,  twisted  at  the  lower 
end,  and  terminating  at  the  upper  end  in  a  ring, 
must  be  made  to  pass  through  the  cork  stopper  of 
each  jar,  so  as  to  descend  to  the  bottom  of  it.  A 
metal  rod,  having  a  ball  at  each  end,  passes  through 
all  the  rings  of  the  same  row  ;  and,  to  establish  a 
communication  between  the  rods,  the  chain  of  the 
conductor  is  made  to  rest  on  them  :  in  consequence 
of  this  arrangement,  you  may  charge,  if  necessary, 
only  one  or  two  rows  of  the  jars,  by  making  the 
chain  to  rest  on  one  rod  only,  or  on  two,  &c. 

Such  is  the  construction  of  an  electric  battery, 
the  representation  of  which,  supposing  it  to  consist 
of  only  nine  jars,  each  1 5  inches  in  height,  3  inches 
in  diameter,  and  containing  12  inches  of  coated 
surface,  which  gives  altogether  6|  square  feet,  is 
seen  pi.  7,  fig.  42.  A  similar  battery  of  64  jars 
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woul(kgivâ  48  square  feec,  and  yet  form  only  a  box 
of  two  feet  some  inches  square,  and  from  15  to  1 8 
inches  in  height.  'The  eflfect  of  such  a  battery  would 
be  prodigious. 

The  method  of  using  this  apparatus  is  as  follows. 
To  charge  the  jars,  make  the  chain,  which  proceeds 
from  the  conductor  of  the  machine,  to  rest  on  the 
rods,  and  turn  the  glass  globe  or  plate  for  some  time. 
Experience  will  shew  how  many  turns  of  the  machine 
will  be  necessary  for  this  purpose  ;  if  the  jars  ard 
over-charged,  they  will  discharge  themselves  with  a 
loud  report.  When  they  are  in  the  proper  state,  if 
you  wish  to  discharge  them,  nothing  is  necessary 
but  to  lay  hold  of  the  chain,  which  communicates 
with  the  outside  by  means  of  the  discharging  rod, 
and  to  bring  the  end  of  it  into  contact  with  the  con- 
ductor :  a  strong  spark  will  be  elicited,  and  the  jars 
will  be  discharged. 

If  a  person,  holding  the  end  of  th&  chain,  should 
touch  with  his  finger,  either  the  ^onductof  of  the 
machine,  or  one  01  the  rods  which  touch  the  inside 
of  the  jars,  he  might  be  killed  in  consequence  of 
the  terrible  shock  he  would  experience.  If  a  flask 
indeed,  5  or  6  inches  in  diameter,  strongly  charged^ 
give  by  its  discharge  a  violent  shock  in  the  arm  and 
breast,  we  may  form  some  notion  of  the  effect 
which  would  be  produced  by  the  discharge  of  12,  T5, 
20,  30  or  50  square  feet.  Electricians  therefore 
ought  to  be  very  attentive  to  themselves,  and  to  the 
spectators,  for  fear  of  some  fatal  accident. 

All  philosophers  who  perform  electrical  experi» 
mentSy  on  a  large  scale,  have  at  present  a  similar 
apparatus,  of  greater  or  less  size.  It  is  by  these 
means  that  they  fuse  metals,  which  can  be  reduced 
even  to  a  calx  ;  that  they  communicate  the  mag* 
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nctîc  virtne  to  a  needle,  or  change  hs  poles,  0t  imi- 
tate the  effects  of  thunder,  and  so  on,  as  will  be 
seen  hereafter. 

EXPERIMENT  XV. 

To  kin  an  animal  by  means  tf  eleflridiy. 

AfBx  the  chain,  which  communicates  with  the 
outside  of  the  battery,  to  one  of  the  animal's  feet  j 
and  then  with  the  discharging  rod  form  a  commu« 
nication  between  the  animal's  skull  and  one  of  the 
rods  that  communicate  with  the  inside  ;  the  animal^ 
if  it  be  even  a  sheep,  or  perhaps  an  ox,  will  be 
struck  dead. 


«A 


REMARK. 


It  has  been  observed  that  the  flesh  of  animals 
^'  killed  in  this  manner,  is  immediately  fit  for  being 

eaten  ;  for  the  shock  which  kills  them  is  similar  to 
that  of  lightening,  and  it  is  a  well  known  fact  that 
animals  killed  by  lightening  pass  very  speedily  to  a 
state  of  putrefaction.  This  artificial  lightening  might 
therefore  be  employed  to  kill  those  animals  which 
are  intended  to  be  immediately  used  as  food  ;  they 
will  be  what  is  called  mortified  in  a  minute.  But 
as  the  operation  is  dangerous.  Dr.  Franklin  hu- 
morously advises  philosophers  to  be  on  their  guard, 
lest,  in  attempting  to  mortify  a  pullet,  they  should 
mortify  their  own  flesh. 


I 
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.    £XPEEIM£NT  X.VI. 

I 
I 

Production  of  Magnetism  by  El^icity. 

Provide  a  steel  needle,  like  that  of  a  compass, 
some  inches  in  length,  and  place  it  )>etween  two 
plates  of  glass^  so  that  its  two  ends,  A  and  B,  shall 
project  a  liitle  beyond  them.  Then  make  one  of 
its  ends  A  communicate  with  the  conductor  of  the 
electric  machine,  or  any  one  of  the  transverse  rods 
of  the  electric  battery  ;  charge  the  battery  strongly, 
and  discharge  it  through  the  needle  by  means  of  the 
discharging  rod,  bringing  the  end  of  the  chain,  which 
communicates  with  the  outside  of  the  jars,  to. the 
end  B  of  the  needle.  All  the  electric  fluid  will  pass 
through  the  needle,  entering  by  the  end  A  and 
issuing  at  B  ;  and  the  needle  will  then  be  magnet- 
ised in  such  a  manner,  that  the  end  A  will  turn  to 
the  north. 

When  a  needle  has  been  magnetised,  if  the  end 
A  be  turned  towards  the  north,  performing  a  con- 
trary operation,  that  is  to  say,  making  the  electric 
fluid  pass  from  B  to  A,  the  needle  will  be  un-*mag« 
netised  ;  and  by  repeating  the  same  operation  it  will 
be  magnetised  in  a  contrary  sense  ;  that  is,  in  such 
a  manner  that  the  end  B  will  turn  to  the  north. 

It  may  be  readily  conceived,  that  this  will  depend 
on  the  quantity  of  the  electric  fluid.  If  it  be  less  in 
the  second  operation  than  in  the  first,  some  small 
portion  of  magnetism  may  remain  ;  if  it  be  much 
more  considerable,  the  poles  may  be  changed  by 
the  first  shock. 
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E^SPBaiM^lt  KVII. 


f^Ase  meiéU$  by  means  of  elôit^kity. 

ft 

^ig.  experiment  is  onç  of  the  most  curieus  that 
are  performed  by  electricity.  Take  an  iron  wire 
kalf  a  line  in  diameter,  aad  suspend  from  it  ^ 
weight  ef  about  6  pounds  ;  then  by  means  of  a  bat- 
tery, Qonsisting  of  from  |6  to  25jaTS,  make  the 
electric  fluid  pass  along  it  \  the  wire  will  imme? 
ffifl^tely  stretch  itself,  ai^d  sometimes  will  break.  But 
this  could  not  be  the  case,  were  it  not  softened  or 
XBclU6ed  in  some  part  of  its  e:itent. 

Ânothin  method.     Take  a  piece  of  very  thin  gold 
leaf,  and  having  cut  it  into  a  sUp  of  two  inches  in 
leagA,  amd  a  line  ij;  breadth»  put  it  between  twp 
plates  of  glass,  very  close  to  each  other  ;  then  place 
these  plates  in  such  a  manner  as  to  form  part  of  the 
electric  circle  of  a  strong  battery,  consisting  of  50 
or  60  jars.     The  gold  leaf  will  pass  thrpugh  the 
state  of  fusion  ;    and   what  proves  it  is,  that   se- 
veral of  its  parts  will  be  incorporated  with  the  glass 
itself. 

But,  if  you  place  between  the  glasses  and  the 
gold  leaf  two  bits  of  card,  and  squeeze  the  plates 
of  glass  closely  together,  the  electric  spark  made  to 
pass,  as  above,  through  the  gold  leaf  in  the  direc- 
tion of  its  length,  will  reduce  it,  in  a  ^eat  measure, 
into  thatkind  of  purple  powder  known,  in  chemis- 
try, under  the  name  of  the  precipitate  of  Cassius  ;  bcr 
eause  this  preparation  was  first  invented  or  simj)lified 
by  that  chemist.  The  two  cards  will  be  dyed  of 
the  fame  colour,  which  may  be  heightened  by  re^ 
peating  the  operation  with  new  bits  of  gold  leaf. 
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Silver  leaf  treated  in  the  swae  manner,  gives  a 
powder  of  a  beautiful  yellow  colour. 

Copper  leaf  gives  a  green  powder. 

^rin  foil  gives  a  white  powder. 

Platina,  treated  in  this  manner,  is  reduced,  after  re-, 
peated  shocks,  to  a  blackish  powder,  which  when 
applied  to  porcelain  produces  a  dark  olive  colour. 

In  short,  we  are  assured  by  différent  chemical 
proofs,  that  these  calces  are  exactly  the  same  as  those 
produced  by  longer  processes. 

For  these  experiments  we  are  indebted  to  M.  Co* 
mus,  so  celebrated  for  his  industry  and. address,  ^d 
who  united  to  the  most  extraordinary  talents  in  this 
way)  the  most  profound  knowledge  in  different  parts 
of  philosophy.  A  circumstantial  and  truly  interest- 
ing detail  of  them  may  be  seen  in  the  Joiimal  dePhy* 
ùque  for  the  year  1 773. 

EXPERIMENT  XVni.    ^ 

Which  proves  the  Idemity  rf  Lightening  and  the  Electrical 

Spark. 

On  a  high  insulated  place,  such  as  the  summit  of 
a  tower,  fix  in  a  vertical  direction  an  irop  ifod,  ter* 
minating  in  a  very  sharp  point.  The  highejr  this 
point  is  in  the  atmosphere,  the  better  will  the  expe- 
riment succeed.  This  bar  must  be  supported  by  som^ 
base,  to  insulate  it  from  every  body  capable  of  con« 
ducting  electricity. 

Then  wait  till  a  storm  takes  place,  and  lyhen  a' 
thunder  cloud  passes  over  the  rod,  or  near  it,  touch 
it  with  an  iron  rod  attached  to  a  glass  handle.  You 
will  not  fail  to  extract  sparks  ^om  it,  sometimes 
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very  large,  and  accompanied  with  a  loud  noise.  It 
will  be  dangerous  however  to  approach  too  near  it  ; 
for  the  rod  is  sometimes  so  highly  charged  with  elec*  ' 
tricity,  that  the  sparks  proceed  to  the  distance  of 
some  feet,  and  maJce  a  noise  like  the  report  of  a  pis-^ 
toi.  Mr.  Richman,  professor  of  mathematics  at 
Petersburgh,  and  member  of  the  Imperial  academy 
of  that  city,  fell  a  victim,  as  is  well  known,  to  an 
experiment  of  this  kind  ;  for  in  a  moment  of  for-r 
getfulness,  having  approached  too  near  the  machine, 
he  was  struck  dead,  and  all  those  effects  observed 
in  persons  killed  by  lightening  were  seen  on  his  body. 

This  accident  has  induced  some  philosophers  who 
study  electricity,  to  arrange  their  machine  in  such  a 
manner,  that  it  can  never  become  too  much  charged 
with  electricity.  For  this  purpose,  they  place  at 
some  distance  nrom  the  rod,  a  piece  of  sharp  pointed 
metal,  which  commimicates  with  the  floor  or  the 
mafs  of  non-electric  bodies.  This  point,  when  the 
elctricity  is  moderate,  will  attract  none  of  it  ;  but 
when  very  strong,  it  will  draw  it  off  as  we  may  say, 
and  discharge  it  insensibly  ;  so  that  it  will  accumu- 
late only  in  such  a  moderate  quantity,  as  to  be  inca- 
pable of  doing  mischief.  The  nearer  the  point  is 
to  the  rod,  the  more  it  will  absorb  of  the  elec- 
tricity. 

By  its  means  it  may  be  known  in  obscurity  whe- 
ther the  cloud  be  electrified  positively  or  negatively  ; 
for  in  the  first  case,  you  will  observe  at  the  point  a 
simple  luminous  star,  or  very  short  gerbe  ;  in  the 
second,  you  will  obserye  a  large  and  beautiful 
gerbe. 

It  is  customary  also  to  place  near  the  bar,  a  metal 
ball^  suspended  by  a  silk  thread  ;  and,  at  a  little 
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farther  distance,  a  bell  communicating  with  tHe 
body  of  the  building.  The  use  of  this  apparatus,  is 
to  inform  the  observer  that  the  bar  is  electric  ;  for 
at  the  moulent  when  it  is  charged  with  electricity,  it 
attracts  the  ball  which  possesses  none,  electrifies  it,  ^ 
and  propels  it  against  the  bell  j  the  sound  of  which 
announces  that  the  electric  cloud  has  produced  its 
cffeft.  The  degree  of  the  electricity  also  is. indicated 
by  the  same^means  ;  for  if  it  be  very  strong,  the  vi- 
vacity of  the  ringing  is  proportioned  to  it,  and  the 
observer  is  warned  to  be  on  his  guard. 

This  experiment,  without  either  a  tower  or  a 
terrace,  may  be  performed  in  a  chamber.  Nothing 
will  be  necessary  but  to  place  in  the  chimney  a  bar  of 
iron,  insulated  by  means  of  silk  strings,  which  keep 
it  firm  on  every  side.  The  point  of  this  bar  must 
rise  some  feet  above  the  top  of  the  chimney  :  1 2  or 
15  feet,  and  even  less  will  be  sufficient.  Every  time 
then  that  an  electric  cloud  passes  over  the  chimney, 
the  bar  will  emit  signs  of  electricity,  if  touched  with 
caution,  or  by  means  of  a  few  electric  bells  arranged 
near  it. 

Instead  of  this  apparatus.  Father  Cotte,  an  assi- 
duous observer  of  all  meteorological  phenomena, 
places  in  a  transverse  direction,  between  two  elevated 
places,  an  iron  chain,  the  links  of  which  are  fur- 
nished with  sharp  points.  The  two  ends  of  the 
chain  are  supported  by  silk  strings  covered  with 
pitch.  From  the  middle  of  the  chain  proceeds  an- 
other, of  the  same  form  and  size  as  those  used  for 
electric  experiments,  which  is  conveyed  into  the 
apartment,  either  through  the  chimney  or  the  win- 
dow, by  means  of  silk  strings  which  support  it.  At 
the  end  it  ought  to  be  furmshed  with  a  metal  ball, 
which  will  produce  sparks  much  more  considerable 
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than  the  chain  itself  would  do.  The  multitude  of 
points,  with  which  thé  chain  is  covered,  furnish  such 
a  quantity  of  electric  matter^  that  the  ball  muse  not 
be  touched  wimbut  great  circumspection. 

• 

REMAtlK» 

This  curious  experiment,  highly  interesting  to 
philosophy .  was  proposed  and  announced  by  the 
celebrated  Dr.  Franklin,  in  letters  addressed  to  Mr. 
Collinson,  fellow  of  the  royal  society  ;  but  it  was 
performed,  for  the  first  time,  at  Marly,  by  M.  Dali- 
bart  and-M*  Raulet  the  curé  of  that  place,  on  the 
loth  of  May  1752.  It  was  afterwards  exhibited  be- 
fore the  king  and  the  whole  court.  Since  that  time 
it  has  been  repeated  by  various  philosophers,  aiid  at 
present  nothing  is  more  common  than,  this  electrical 
apparatus,  which  shews  the  identity  of  the  electric 
fluid  and  lightening.  But  it  is  to  America,  and  to 
Dr.  Franklin  in  particular,  that  we  are  originally  in- 
debted for  it. 

From  this  discovery  we  can  deduce  the  explana- 
tion of  several  phenomena  ;  for  which  no  proper 
cause  had/been  before  assigned.  Of  this  kind  are 
those  fires  often  observed  during  storms,  on  the 
top  of  steeples,  at  the  extremity  of  the  masts  and 
yards  of  ships,  which  the  ancients  distinguished  by 
the  names  of  Castor  and  Pollux^  and  which  are  known 
to  the  moderns  under  that  of  the  yf/v  of  St.  Ehno. 
It  is  nothing  else  than  the  electric  fluid  of  the  clouds 
attracted  by  the  points  of  these  steeples,  or  the  iron 
at  the  summits  of  the  masts.  Caesar  relates,  that  a 
great  storm  having  come  on  while  his  army  was  ar- 
ranged in  the  order  of  battle,  flames  were  seen  to  issue 
from  the  points  of  the  soldiers'  pikes.     This  pheiio- 


tàéhôh  hâà  hothlft^  Woftdérfùl  in  it  iô  thûsé  àcQuwit^ 
ed  wifh  electricity*  Thè  iames  ob^fcrvfcd  Wôrg  the 
eleetrie  âuid,  ^hîefa  èicâpéd  frokn  thôsè  pointd  ;  thé 
clouds j  in  ail  probability^  being  deetrifled  htgat^ 
iîYdjj  Wbfch^  acéotdiiig  to  iDt.  FffàÀklin^  te  ofcétt 

Which  proves  the  same  fact  in  another  manner  J'^-^bé 

tleâhfékifi. 

It  is  sôttietîrtïés  difficult,  if  not  imprttticable,  id 
raise  afi  irôh  tod  to  â  great  height  ;  aild  ïhettfùté 
another  artifieé  has  becfh  devised  t6  dttj^i**  tfré 
flouds,  in  sonle  rtteasure,  bf  their  èfectHé  ftriè  6# 
iightetiing.  It  is  by  rteafts  of  the  pipe*  kite,  a  stnall 
machiue  ttiàtt  cttidloyeà  before  thlt.tîitté  by  yoûtttf 
pèfsOfts  aîld  School  hbp,  Ihart  by  phiîdsophei  s  j'  bue 
the  use  made  of  it  by  some  of  the  latter  has  in  some 
measufe  ennobled  it. 

t*rovîdé  a  kite,  ccrv-ered  ^ith  silk,  of  à  pretty 
large  size,  such  âl5  ^  or  6  fèét  iti  lehgth  at  least  ;  for 
the  larger  it  is  thé  highei^  it  n^ill  rise,  on  account  (yt 
thé  weight  of  the  cord  being  less,  in  comparison  trf 
thé  forée  with  Which  the  wirtd  tends  to  elevate  it. 
Adapt  to  thé  head  6f  it,  â  very  delicate  rod  of  iroii^- 
extending  on  the  one  side,  along  the  lower  axis  of 
t1ié  kite,  to  the  point  where  the  cord  is  afÊxed  to  it, 
and,  on  the  other,  terminating  in  a  sharp  point  pro* 
jecting  beyond  the  kite  ;  so  that  when  the  madriiié 
IS  at  its  greatest  height,  it  may  be  neatly  ver ticall,  aiid 
rise  above  it  about  a  foot.  Thé  cord  m  est  be  ûf 
common  pack-thread,  with  a  very  flexible  coppct 
wire  twisted  tound  ii^  nearly  in  the  same  hiaenner  at 


3.512  ELECTRICAL 

on  the  lower  strings  of  some  musical  instruments, 
,^ut  much  closer.  This  is  done,  because  hemp,  un- 
less moistened,  is  a  bad  conductor  of  elecricity* 
To  the  extremity,  of  this  rod  b  attached  another  of 
silk,  some  feet  in  length,,  to  insulate  the  kite,  when 
it  has  reached  its  greatest  height  ;  and  near  this  silk 
string  is  connected  with  the  cord  of  the  kite  a  small 
tube  of  tin-plate,  about  a  foot  in  length  and  an  inch 
in  diameter^  for  the  purpose  of  drawing  sparks 
from  it. 

When  these  arrangements  ate  made,  expose  the 
kite  to  the  wnid;  when  you  observe  a  storm  approach- 
ing, and  suffer  it  to  rise  to  its  greatest  height  :  If 
the  silk  string  be  then  made  fast  to  some  fixed  object, 
and  in  such  a  manner  that  the  string  shall  not  be 
moistened  by  the  rain,  you  will  not  fail  to  obsei*ve 
very  often  exceedingly  strong  signs  of  electricity, 
and  sometimes  so  powerful  that  it  would  be  dan- 
gerous to  touch  the  string  or  tube  without  the  ut- 
most caution. 

For  this  purpose,  affix  to  the  end  of  a  glass 
tube,  or  a  large  stick  of  Spanish  wax  of  about  a 
foot  long,  a  piece  of  iron  some  inches  in  length, 
having  a  small  metal  chain  hanging  down  from  it 
to  the  earth.  Without  this  precaution,  weak  sparks 
only  would  be  elicited,  because  the  piece  of  iron 
being  itself  insulated,  would  on  the  first  touch  be 
eicctrili'/d  like  the  cord  of  the  kite. 

M.  de  Romas,  the  first  person  in  Europe  who  em- 
plfjyed  fliis  method  (;f  drawing  electricity  from  the 
clouds,  caused  a  kite  7^  feet  in  length,  and  3  in 
brea<ith,  at  iu  widest  diameter,  to  rise  to  the  perpen- 
dicular hei^ijht  ot  550  feet,  and  produced  by  it  the 
most  extiaordiwary  eflects.  Having  imprudently 
U)uched  the  tube  of  tin-plate  with  his  finger,  he  re- 
ceived a  violent  bliock  ;  but  happily  the  electricity  had 
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not  nearly  acquired  its  utmost  strength  ;  for  the  storm 
increasing,  some  time  after  he  felt,  at  the  distance 
of  more  than  three  feet  from  the  cord,  an  impression 
similar  to  that  made  by  a  spider's  web;  he  then 
touched  the  tube  of  tin-plate  with  the  discharging 
rod,  and  extracted  a  spark  of  an  inch  in  length  and 
three  lines  in  diameter.  The  electricity  then  in- 
creasing in  a  very  great  degree,  at  the  distance  of 
more  than  a  foot  he  extracted  a  spark  thre&inches  in 
length  and  three*  lines  in  diameter,  the  snapping  of 
which  was  heard  at  the  distance  of  200  paces. 

But  what  was  most  remarkable  in  this  experiment 
is,  that  while  the  electricity  was  nearly  at  its  highest 
degree,  three  straws,  one  of  them  a  toot  in  length, 
stood  upright  in  consequence  of  the^  attraction  otthe 
tin-plate  tube,  and  balanced  themselves  for  some 
time  between  it  and  the  earth,  always  turning  round, 
till  one  of  them  at  length  rose  to  the  tube,  and  pro* 
duced  an  explosion  in  three  claps  which  were  heard 
in  the  middle  of  the  town  ofNerac,  the  experiment 
having  been  performed  in  the  suburbs.  The  spark 
which  accompanied  this  explosion,  was  seen  by  the 
spectators  like  a  spindle  of  fire,  8  inches  in  length  and 
4  or  5  lines  in  diameter.  The  straw  which  had  occa- 
sioned this  spark  at  last  moved'  along  the  string  of  the 
kite,  sometimes  receding  from  it,  and  sometimes  ap« 
proaching  it^  and  producing  a  very  loud  snapping 
when  it  came  near  it.  Some  of  the  spectators  followed 
it  with  their  eyes,  to  the  distance  of  more  than  50 
toises. 

Farther  details  respecting  this  experiment,  no  less 
interesting  than  curious,  may  be  seen  in  the  Mémoires 
des  Sçavam  Etrangers^  published  by  the  Royal  Aca- 
demy of  Sciences,  vol.  II.  It  was  followed  by  a 
great  many  others  of  the  same  philosopher^  which 
prove  that,  even  during  calm  weather,  a  kite  of  this 
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kind  is  sometimes  so  highly  electrified,  a8  to  make 
the  cord  to  sparkle,  and  to  give  violent  shocks  to 
those  >vho  inadvertently  touch  it. 

We  have  already  said  that  M.  de  Romas  was  the 
first  person  in  Europe  who  made  this  curious  experi- 
ment }  but  it  had  been  made  some  months  before  in 
Pennsylvania  by  Dr.  Franklin  j  for  he  sent  an  ac- 
count of  it  to  Mr.  CoHinson,  his  correspondent  at 
London,  in  the  month  of  October,  1 752.  This  dis^ 
covery  however  was  not  known  in  France  till  a  lolig^ 
time  after,  and  M.  de  Koroas  even  announced  it 
enigmatically  to  the  Academy  of  Sciences,  about 
Ihe  middle  of  the  same  year.  Thus,  while  we  ad- 
judge the  first  merit  of  the  invention  to  Dr.  Frank- 
lin, we  cannot  help  acknowledging  that  M.  de  Romas 
concurred  in  this  respect  with  the  celebrated  philo- 
sopher of  {Philadelphia. 

EXPERIMENT  XX. 

The  IJow^e  struck  by  Lightening. 

Pr.  Lmd  is  the  author  of  this  experiment,  which 
serves  to  prove  the  difference  between  the  effects  of 
the  explosion  of  thunder  when  received  on  a  blunt 
end  or  ball,  or  on  the  sharp  point  of  an  uninter- 
rupted conductor.  It  displays,  in  the  fullest  light 
the  advantage  of  good  conductors  for  preserving 
houses  from  lightening. 

AB,  pi.  8.  fig.  43,  is  the  model  of  a  small  house, 
of  which  C  is  the  summit  of  the  roof  j  AD  is  a  wall 
in  which  is  formed  the  square  hole,  GFHE,  de- 
stined to  receive  a  square  board  ;  in  this  board  is 
placed  diagonally  an  iron  rod,  which  according 
to  the  position  of  the  board  can  be  disposed  in  the 
direction  FE  or  GH,  as  seen  in  the  figure.     LG  is 
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an  îron  rod  "*  terminating  îri  a  ball  L,  whîth  ends  at 
the  point  G.  From  H  to  I  is  anothief  tod  of  thé 
same  kind,  the  end  of  which  I  terminates  in  a  chaia 
of  a  length  proper  for  tlie  purpose  intended. 
.  When  this  arrangement  has  beeh  made,  placSe  the 
board  in  such  a  manner  that  the  rod,  sunk  in  it, 
may  be  in' the  direction  FE  ;  leaving  art  intetfuptioil 
from  G  to  H.  ,Then  make  the  chain  pa^s  round  the 
body  of  a  jar,  like  those  used  for  an  electric  battery, 
and  charge  the  jar  as  highly  as  possible.  Theîi  affiit 
to  one  of  the  legs  of  the  discharging  rod,  furnished 
with  a  glass  handle,  the  chain  of  the  conductor,  arid 
with  the  other  leg  of  the  rod  touch  the  ball  L,  which 
rises  above  the  roof  of  the  house,  and  the  rod  GC. 
An  electric  circle  being  thus  formed,  a  strong  explo* 
sion  will  ensue,  and  the  board  FGHÊ  will  be  throwft 
from  its  place  on  account  of  the  jump  which  the 
electric  matter  must  make  from  G  to  H,  to  reach 
the  conductor,  which  is  interrupted  in  that  place. 

But^  instead  of  a  rod  terminating  in  a  ball  L, 
substitute  a  rod  ending  in  a  sharp  point,  and  place 
the  board  FGHE  in  such  a  manner,  that  the  small 
rod  EF  may  be  in  the  direction  GH  ;  if  you  then 
repeat  the  same^ operation  as  before*,  the  electricity 
will  silently  pass  along  the  roà  LGHI,  without  dis- 
placing any  thing. 

This  is  an  exact  representatian  of  what  takes  place 
when  a  building  is  struck  by  lightening.  The  top  of 
the  building  receives  the  shock,  and  the  lightening 
follows  the  first  metallic  conductor  it  finds,  withôtit 
doing  it  any  damage,  provided  it  be  of  a  suffideiit 
size  ;  but  if  this  conductor  be  any  where  inter* 
rupted,  it  makes  an  explosion,  and  blows  to  pieces 
the  walls,  the  wainscot  ting,  &c,  till  it  finds  a  new 
conductor.     At  every  interruption  a  new  explotioti 
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takes  place;  to  the  great  danger  of  those  who  ate  ifl 
the  neighbourhood  ;  for  as  the  Body  of  a  mâii  is  à 
pretty  good  conductor  of  electrîdty,  on  account  of 
the  fluids  with  which  it  abonilds,  it  attacks  him  hf 
preference,  and  infallibly  destroys  him. 

But  if  the  rod,  elevated  above  the  house,  ternu* 
Hates  in  a  sharp  point,  and  if  the  conductor  is  not 
interrupted,  nothing  of  this  kind  will  take  place* 
There  may  be  some  slight  explosion  at  the  point  of 
the  bar  ;  but  the  electnc  fluid  or  lightening  thence 
follows  the  conductor  to  its  extremity,  which  is  sunk 
in  the  earth  to  a  depth  suflîcient  to  reach  moisture. 

M.  Sigaud  de  la  Fond,  professor  of  natural  philo- 
sophy, rendered  this  experiment  still  more  sensible, 
by  the  disposition  he  gave  to  the  small  house.  It 
was  such  that  the  electric  explosion  blew  up  the 
roof,  and  separated  the  walls. 

tXPERlMEKT  XXI. 

The  S  bip  struck  by  or  preserved  from  Ligbtc?un^. 

This  experiment,  in  some  respects,  is  merely  a 
variation  of  the  preceding.  We  have  introduced  it 
however,  because  it  is  no  less  amusing,  and  is  equally 
calculated  to  prove  the  utility  of  uninterrupted 
metallic  conductors,  for  preventing  damage  by 
lightening* 

In  the  middle  of  a  small  boat,  representing  the 
hull  of  a  vessel,  raise  a  tube  about  eight  inches  in 
height,  and  half  an  inch  in  diameter,  to  represent  the 
main-mast.  Fill  this  tube  with  water  ;  and,  having 
closed  both  its  extremities  with  two  pieces  of  cork, 
introduce  through  them  fwo  pieces  of  iron  wire,  so 
that  the  ends  of  them  shall  be  at  the  distance  of  half 
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an  inch  from  each  other,  in  the  inside.  The  lower 
piece  of  wire  must  be  immersed  in  the  water  in 
which  the  vessel  floats,  and  the  upper  one  must  ter« 
minate,  without  the  tube,  in  a  small  knob. 

Now,  if  a  communication  be  established  between 
the  exterior  surface  of  an  electric  battery  and  the 
lower  wire,  and  if  the  end  of  the  iron  chain,  which 
Is  connected  with  the  inside  of  the  battery,  be  applied 
to  the  end  of  the  upper  wire,  the  explosion  of  the 
electric  matter,  passing  from  the  end  of  one  wire  to 
that  of  the  other  in  the  tube,  will  be  sixch,  even  if  a 
small  part  only  of  the  chain  be  employed,  that  it 
will  shatter  the  tube  to  pieces  ;  and  the  bottom  of 
the  vessel  being  pierced,  it  will  sink.  Such  is  the 
manner  nearly  m  which  the  main-mast  of  a  ship  is 
shivered  by  lightening,  so  that  the  vessel  is  in  danger 
of  being  lost.  * 

But  if,  instead  of  two  wif  es,  one  only  be  made  to 
pass  through  the  two  pieces  of  ccjirk  and  the  water 
with  which  the  tube  is  filled,  and  if  tl^  same  com- 
munication be  established  with  the  electric  battery, 
the  charge  of  sixty-four  jars  may  be  transmitted 
through  the  tube,  wit^iout  doing  it  any  injury. 
Sometimes  however  the  force  of  the  electric  matter, 
or  of  this  small  flash  of  artificial  l/ghtening,will  be  so 
great,  as  to  destroy  the  metallic  wire. 

This  experiment  was  invented  by  Mr.  Edward 
Nairne,  and  might  easily  be  adapted  to  represent,  in  a 
manner  more  agreeable  to  reality,  the  phenomena  of 
a  vessel  struck  by  lightening  ;  but  we  have  chosen 
rather  to  describe  it  as  given  in  the  Philosophical 
Transactions  for  the  year  1773.  It  clearly  shews 
how  dangerous  the  interruption  t)f  metallic  con- 
ductors is,  and  how  the  smallest  conductor,  if  pro* 
|)erly  continued,  will  carry  oflf  the  electric  fluid,    - 
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QEïN^RAX^    REMARK. 

On  ihe,  analogy  between  light ening  and  the  electric  fluid. 
The  ^means  €f  securing  houses  from  the  effects  of 
lightening. 

Though  the  identîty  of  lightening  and  electricity  is 
sufficiently  proved  by  the  preceding  experiments  ;  to 
establish  it  more  completely,  we  shall  mention  some 
pf  the  phenomena  most  commonly  observed  in  the 
progress  of  lightening^  whci^  it  falls  on  a.house  or  any 
other  object. 

The  first  of  these  phenomena,  or  what  takes  place 
most  frequently,  is,  that  the  lightening  runs  aloug 
metallic  bodies,  wherever  it  meets  with  them  in  its 
way.     For  want  of  metallic  bodies,  it  explodes,  or 
attaches  itself  to  moist  bodies,  or  to  animals,  which 
^re  composed  almost  entirely  of  fluids.     Hence  it  is 
often  observed,  when  the  lightening  falls  on  steeples-, 
that  from  the  weather  cock  or  cross  on  the  summit, 
which  receives  the  first  shock,  it  runs  along  the  iron 
work,  proceeding  thence  to  the  roof  or  to  the  inside 
of  the  building,  and  there  explodes  ;  for  as  it  no 
longer  meets  with  any  thing  besides  wood  or  stone, 
which  are  bad  conductors,  it  cannot  conveniently 
pursue  its  course  ;  it   therefoi  e  often  strikes  men 
who  are  in  the  steeple,  in  consequence  of  a  bad 
custom  which  prevails  of  ringing  the  bells  on  such 
occasions.'     Sometimes  it  falls  on  the  bell  and  follows 
the  rope  to  its  extremity  ;  and  if  the  rope  at  that 
moment  is  held  by  a  man,  he  seldom  escapes  de* 
struction  ;  for  being  a  better  conductor  than  hemp, 
the  lightening  seems  to  give  him  a  fatal  preference. 
It  very  often  happens  that  the  lightening  melts  the 
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lead  of  tfie  cross,  'which  it  strikes  rather  than  other 
belies,  which  are  worse  conductors. 

VVe  may  thence  explain  also,  why  it  has  happened 
t'lai  a  man  with  a  sword  by.  his  side  has  been  struck 
by  lightening,  without  sustaining  any  hurt,  and  that 
the  poiiic  Of  the  sword  has  been  found  melted  in  the 
scaLt^aid  :  it  is  because  the  electric  fluid  preferred 
pas'-nig  through  the  sword,  entering  at  the  hilt  and 
L  /iUii^  at  the  extremity  ;  and  as  this  extremity  ter- 
li/.^ates  in  a  sharp  point,  it  found  it  more  compact, 
i^ru  I  'educed  it  to  a  state  of  fusion.  This  effect  may 
nJrated,  by   causing,  a  large  quantity   of  the 

c^rîc  matter  to  pass  through  a  sharp-pointed  wire. 

^Viun  lightening  falls  on  a  tree,  if  there  be  any 
•:  mvjU  beneath,  they  rarely  escape,  especially  if  the 
t(  i.  bf,  of  a  resmous  or  oily  nature.  The  reason  of 
\i\  ;  )s,  rhnt  wood  is  a  bad  conductor  ;  the  lightening 
tl.cicfore  abandons  it  if  there  be  a  better  conductor, 
such  as  an  animal,  in  the  neighbourhood.  Hence 
\i  happens  that  the  wallnut  tree  is  reckoned  to  be 
particularly  dangerous  :  its  oily  sap  renders  it  a  worse 
conductor  of  electricity  than  any  other. 

But,  it  is  when  lightening  falls  on  a  house  that  its 
predilecdon  for  metallic  bodies  principally  appears* 
Almost  all  the  accounts  of  the  effects  of  iightening 
agree,  in  representing  the  eleclric  matter  as  pre- 
ferring to  run  along  the  wires  fi^ced  to  the  bells,  or 
the  metallic  edg^s  of  cornices,  or  Ipoking-gl^sses,  or 
pictures,  &c,  exploding  every  dme  that  this  route, 
which  it  6nds  mosc  conunodiDUS,  is  interrupted.  It 
has  been  seen  to  pass,  in  this  manner,  through 
several  apartments,  and  even  through  several  stories. 
This  roule  indeed  is  so  well  established  by  the  obser- 
vations which  have  been  made,  that  there  is  every 
IPeason  to  believe^  that  if  these  metaiiic  conduccovc 
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had  been  u'anting,  or  had  been  insufficient,  it  woufii 
have  occasioned  great  damage. 

One  of  the  best  related,  and  most  remarkable 
accounts  of  such  events,  is  that  of  the  lightening 
which  struck  the  hotel  occupied  by  Lord  Tiiney  at 
Naples,  on  the  20th  of  March   1773.     We   are 
indebted  for  it  to  Sir  William  Hamilton,  who  was 
present  in  the  apartment,  through  which  the  lightening 
passed,  together  with  M.  de  Saussu^^e,  professor  of 
Natural  history  at  Geneva,  and  they  both  soon  after 
examined  the  whole  hotel  with  the  utmost  care,  in 
order  to  trace  out  the  progress  of  the  meteor.     The 
circumstances  of  this  event  were  as  follow. 

The  apartments  of  Lord  Tiiney,  which  consisted 
of  nine  rooms  on  a  floor,  were  decorated  .with  great 
elegance,  like  most  of  those  belonging  to  persons  of 
Tank  in  that  country.  A  very  large  cornice  went 
round  all  the  rooms,  and  this  cornice  was  gilt  in  the . 
Italian  manner  ;  that  is  to  say  coated  with  tin-foil, 
covereJ  by  a  yellaw  varnish,  in  imitation  of  gold. 
From  this  cornice  proceeded  a  great  number  of  plat- 
bands, which  served  as  frames  to  the  tapestry,  and 
which  were  gilt  in  the  same  manner,  as  well  as  the 
borders  of  the  pannels  of  the  wainscotting,  the  frames 
of  the  pictures,  and  the  mirrors,  the  door-posts,  &c. 
The  apartments  above  were  ornamented  in  the  same 
style.  This  hotel  had  a  profusion  of  such  orna- 
ments ;  and  it  is  to  be  observed  that  all  the  rooms 
communicated  with  each  other  by  means  of  the  bell- 
wirea,  which,  for  the  sake  of  convenience,  were  very 
numerous. 

Lord  Tiiney  had  a  party  to  dinner,  and  Sir 
William  Hamilton  says,  that  on  this  occasion  there 
were  in  the  hotel  upwards  of  500  persons,  including 
the  domestics.     A  loud  clap  of  thunder  was  bearc^ 
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ind  111  an  instant  the  whole  apartment,  ttrlief  e  thé 
company  were  assembled,  seemed  to  be  on  fire. 
Every  one  thought  himself  struck  by  the  lightening^ 
and  the  terror  and  ëonfuâon  which  this  dreumscdnccl 

Sroduced,  may  be  easily  conceived.  Mo  {)ttsdii 
owever  was  éiihét  killed  or  wounded  ;  and  this  no 
doubt  was  owing  to  the  prodigious  quantity  of  metal 
conductors^  wmch  cmâi>led  die  lightening  to  pass 
through  them; 

Sir  William  Hamilton  and  M.  de  Salissure  hating 
examined^  soon  aftet  and  next  day,  the  different 
apartments,  observed  fchit  the  greater  part  of  the 
extensive  cornices  were  daihaged,  and  bla<;k  in  a 
number  of  places^  piirticularly  at  the  Mortiers,  and 
where  the  bell-wires  passed  through  them }  the  gilt 
varnish  was  detacheid  in  many  parts^  and  thrown 
down  in  die  form  of  powder }  in  some  other  places  ^ 
the  cords  of  the  bells  were  burnt.  In  one  room 
where  two  paintings  were  susp^ed,  one  above  th0 
other,  between  the  cornice  and  the  door,  the  lightening 
had  passed  from  the  cornice  to  the  gilding  of  the 
frame  of  the  picture  immediately  below  ;  then  to 
that  of  the  second  picture,  and  thence  to  die  fratne 
of  the  door,  and  its  course  was  mariied  on  the  wall^ 
which  was  whitened  according  to  the  custom  of  the 
country,  by  the  impressions  of  the  smoke.  Ill 
another  room,  the  lightening  had  also  passed  from 
the  cornice  to  the  frame  of  a  picture,  which  was  in 
contact  with  it,  and  thence  to  the  interior  border  of 
the  frame  of  the.  door,  making  an  explosion  each 
time  ;  it  had  then  descended  along  the  frame  of  the 
door,  and  had  split^jpart  of  a  smaU  socle,  at  which 
the  mouldings  terminated.  The  same  pAiinomena 
nearly  had  taken  place  in  the  upper  story. 
It  may  be  seen,  by  this  description,  that  the 
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lightening  had  prcfcrretl  passing  through  all  th«M 
meialUc  materijiU  ;  and  tljere  can  be  no  doubt  thaU 
ij  was  owing  to  lUe  great  profusion  of  gilding,  and 
to  )hc  wires  oi  the  belk,  that  some  of  the  perEoas- 
pre.^m  çsc3pcd  being  kiUed. 

Tiifl  predilection  which  tiie  electric  matter,  or 
lightening,  shews  for  metallic  conductors,  inducedl 
t'.r.  Franklin,  about  the  year  17^,  to  propose,  ar 
Philadelpliia,  a  new  method  of  preserving  edifice» 
from  this  destructive  meteor.  It  consists  iii  placing 
on  the  tops  of  the  housesisn  iron  rod,  terminating' 
in  a  point,  and  continoed.  downwards  -by  seven»!, 
iflore  rods  joined  li^gether.  The  lowest  rod  ought> 
to  be  sunk  in  the  earth  to  a  sufficient  depth  to  meet- 
wjth  moisture,  which,  bcuig  a  good  conductor,  will 
convey  off  the  electric  matter,  by  transmitting  it  to 
the  «[hole  mass  in  the  earths  In  regard  to  the  size 
of  the  rod.  Dr.  I'ranklia  observes  that  three  or  loui 
lines  in  t.Uameter,wiU  be  sufEcienu 

In  the  year  ly^'i,  a  great  many  houses  in  North 
America,and  particularly  in  PimnsyJvania, Maryland, 
and  Virgini-A,  where  thunder  is  very  common,  and» 
olitn  falls  on  buildings,  were  furnished  with  con-. 
doctors,  of  dÙ8  kind.  :lt  Js-.aUovodttsitxsiieial-olj 
these  houses  y^tte  stnickib]rJîgbtÊnîiig:;.btit.ilic-càr«.' 
.  cHfnsiaitces  ^ways  observed  in  Americfy  vçrs.  ai^ 
fçll^lOir  ï'  i3t,.that.  tlie  damage  done'to .these  houses.' 
wap  lfi9s,'  aà*  ihat^ii^en -they  were  strack,  tbeJ 
lighx^i]^  insteadiof  QcraaJBDing  the  sameJiaTcc  as^ 
iq  otber;it  passed  off  by  tfafiicopductoiai  leaving,  coilyi 
a.s^^ht  iopresaion  ia'Afc  ttdgfabourihg  pafttL .,  Jili 
t^^.se  ca^  ^9  .point  ofihe  conductor  wiasv  &>r(tb«>' 
'  njoBt  paj-E,  f(pi«id  ioJha**e  been  fused.  m 

The  object:of  tbeie j-ods  i&  not.indeeiL  iti  w^  aiii 
^k  sjif^o^d  ia  .Ëùropc^jto  U^pdve  u  ifomeose 


cloud  of  Its  electricity  j  but  to  furftish  a  conductor 
to  that  electric  matter,  when  by  an  accident,  which 
(Cannot  always  be  avoided,  a  cloud  highly  charged" 
with  electricity  has  fallen  on  an  edifice. 

This    expedient    however    found    powerful  op- 
ponents, especially  in  France.     One  of  the  most 
conspicuous  was  the  celebrated  abbé  JJbllet,  tlje 
rival  of  Dr.  Franklin  in  the  theory  of  electricity} 
but  it  must  be  allowed  thar  nothing  could  be  weaker 
than  the  arrtis  with  which  the  French  phlfosopher 
combated  the  American.   They  were  niere  assertions, 
utt^pportcd  by  any  prbof?,  or  rather  coiltrafry  to  the 
result  of  ■  e*|)ef iments;     According- to  Nôîfèc,  these 
pointed  rods  of  itoÀi  àté  ihôrjÇ  calcuiated*  to  attract- 
the  lightening  than  to  preserve?  froYn  it;  àii(l*it  is  not  J- 
a  rational  project  for  a  phflosopba',  says  he,  to 
exhaust  a  stdtmy  cloud  of  the  electric  matter  it  con-/ 
tains.     To  answer  these'assertions,.  it  is  sufficient  to' 
be  acquainted  with  the  eRcts  of  lightening^     They 
prove,  in  the  mo^t  evident  manner,  tbaf'if  tne  places  * 
where  it  fell  had  been  furnished*  with  good  con- 
ductors,'   no  explosion    would  have   làJKen'  placç. 
Besides,  it  is  not  true  thjtt  a  sharp-pointed  rod  at- 
tracts the  electricity  of  a  storrfi-cloiid  ;  on  the  con- 
trary, if  a  sharp'pohit  be  presented  to  a  flake  of 
cotton,  suspended  from  the  conductor  of  the  electric 
machine,  it  immediately  repels  it:     Is  it 'therefore 
better  to  wait  till  a  storm-cloud,  charged  \yitji  elec- 
tricity, and  driven  by  the  wind  agajnsf  a. building, 
shall  explode  and  pour  into  it  a  torrent  of  the  electric' 
fluid,  than  to  draw  it  off  by  degrees,  so  that  when  it 
approaches  the  edifice*  it  shall  be  entirely  '  deprived 
of  it  ?  In  regard  to  the  impossibility.  "Or  freeing  a 
cloud  entirely  from  its  electric  iriatter,  it  is  needless 
to  make  many  obseirations  ;  as  alt  that  is  xnesùit  is 
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merci)'  to  suppîy  the  electric  matter,  pouted  forth 
from  a  storm  cloud,  with  iJie  easy  means  of  escaping. 
But,  when  i:  is  considered,  that  every  time  almost 
ihat  lightening  has  fallen  in  any  place,  without  doing 
damage,  it  has  followed  conductors  as  small  as  a 
bell-wire,  or  gil  ing,  &c,  and  that  it  has  never 
exploded  but  when  its  course  was  interrupted,  there 
can  be  no  doubt  that  a  rod,  half  an  inch  or  an  inch 
in  diameter,  would  afford  a  passac^e  to  all  the 
electric  fluid  that  could  be  produced  by  the  largest 
cloud. 

Sharp-pointed  conductors,  considered  as  preserv- 
atives against  thceifects  of  lightening,  were  opposed 
m  KngUnd  by  the  noted  electrician  Wilson,  on  the 
following  occasion.  The  method  proposed  by  Dr. 
Franklin,  for  preventing  the  effects  of  lightening, 
having  ex.cited  the  attention  of  the  government  m 
177Î,  the  Royal  Society  of  London  were  consulted 
on  the  means  of  securing  from  this  destructive 
agent,  the  new  powder  magazines  at  Purfleet.  The 
society  having  appointed  Mr,  Cavendlth,  Dr. 
Watson,  Dr.  Franklin,  Mr.  Wilson,  and  Mr. 
R&bertson  to  exa;nine  this  subject  ;  fotir  pf  these 
gentlemen.,  w^rç  of  opinjon,  that  die  mzg^ànes 
shbuld  bé  furnished  with  sharp^pointed  conductor». 
Mr.  Wilson  alone  maintained  that  the  point»  of  the 
conductors  ought  to  be  blunt,  and  he  reliiaed  to  sign 
ttVé  report,  it  may  be  easily  seen  that  Mr.  Wilson's 
motive  was  an  apprehënûon  that  sharp-pointed  con- 
ductors nlight  attract  the  electric  fiutd  at  too  great  a 
distance.  '  Pr.  Franklin,  in  a  paper  written  on 
p^rposç,  which  contains  an  account  of  new  and 
titgenious  experiments,  endeavoured  to  laake  him  . 
change  his  (j^iiuon }  but.  did  not  succeed.  The  . 
magadnçs  of  FurScet  however  vets  fumUt^d  with  j 


conductors  aocordînç  tojthe  idea  of  Dr.  Franklin 
and  t!îc  otlier  three  commissioners. 

The  sequel  i)f  this  business  ^vc  rise  to  the 
most  extraordinary  transactions  that  ever* de- 
murred in  the  Royal  Society, 

....      .   * 
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Of  some  amusements  founded  on  electric  RcpuU 
sivii  and  Attraction:  The  Electric  Spider,  &;c. 

Cut  a  small  bit  of  ^  cork;  or  of  the  pith  ojF 
the  elder  tree^  into  the  form  of  a  spider,  and 
fix  to  it  six  or  eight  cotton  or  linen  threads, 
a  tew  lines  in  length.  Suspend  <his  small  figure 
from  a  hook  by  a  silk  thread,  and  place  on  one 
side  of  It,  and  at  the  same  heig!bC,  the  knob  of  a 
small  jar  positively  charged,  and  on  the  other  that 
of  a  jar  negatively  charged,  or  merely  a  similar 
knob  not  electrified,  and  communicating  with  the 
general  mass  of  non-electric  bofjiiss..  You  will 
(hen  see  x\\\%  figure  first  ^ttyikfit^à  toward^  the 
electrified  knobj  and  then  repelled  by  it  ;  and  as 
the  filaments  of  the  threads  will  mutijally  repel 
i*ach  other,  the  spider  will  appear  as  if  at  work, 
and  extending  its  legs  to  lay  hold  of  the  secdna 
knob.  But  it  will  have  no  sooner  touched  it, 
than  it  will  seem  to  fly  from  it  ;  for  when  dppriv» 
ed  of  ifs  electricity  by  the  touch,  it  will  be  at^ 
tracted  by  the  first  knob,  from  Avhich  it  will  bp 
afterwards  repelled  ;  and  this  ^lay  will  continue 
as  long  as  there  is  any  electricity  in  the  jar. 

A  common  coi^duc^or  charged  with  clectricitv 
will  supply  the  place  oif  the  electrified  jar;  ancT, 
instead  of  tljc  ejectrified  knob,  thp  fingermay  bç 


[ 


!^^^^^^^^3 


3G6  fX-ECTILIÇ^f 

^mployïd.  X'ic  sjiiclcr,. after  having  ttmcîic4 
tTie  conductor,  wJU  appear  to  tliro*v  itjtlt'  on  the 
fiuger,  as  if  lo  seize  it,  and  will  tjmbrace  it  witP 

its  lt.;gs.^'  . 


EXPEKIMENT  XXIIl. 

ITte  Electric  JVhcd  and  Turnspit. 


1 


Construct  a  wheel  consisting  of  eiglit  or  ten 

glass  radii,  rnipJ^iilcd  in  a  common  centre,  about 
^ix  or  eight  inches  in  Icngitb.  and  each  t'uniisli- 
Cil  at  the  extrenilty  \i'ith  a  liall  of  lead. 

This  wheel  mtist  be  placed,  in  perfect  equili- 
brium, on  a  small  vertical  axis,  which  turns  in  a 
jikce  of  glass,  so  that  the  sCghtest  impulse  cwi 
j>4t  it  in   motityi.      The  itaud,  by  which  it  id 
w  fcupponcii,  mjUht  hesusceptible  of  btinç  insulated, 

ft  Then  provide  two  jars,  oiie  charged  positively 

^  and  the  other  negativt-ly  ;  and,  havinp;  insu,lâted 

the  above  wheel,  place  the  two  jars  one  on  each 
tide  of  it,  so  that  the  balls  ihafl  pass  at  the  di- 
stance of  a  quarter  of  an  inch  from  the  knob  of 
eacb  jar. 

It  may  be  easily  conceived,  that  if  this  small 
JDiachine  be  in  perfect  cqûilit)rium,  when  one  of 
the  balls  approaches  one  of.llie  knobs,  that  for 
example  which  belopgs  to  the  flask  charged  po- 
sitively, it  will  be  attracted  by  it,  and  the  ma- 
chine will'  tend  to  turn  rocind  ;  hut  the  ball,  by 
passing  near  to  that  knob,  will  be  electrified  po- 
^!tively,  and  consequently  will  be  immediately 
repcilfd. 

'.  'I'hc  satne  thing  viU  I^^kfi  pUcc  in  regard  to 
j^e  flask  which  js  charged  negatively  :  the  ^(>^^ 


electrified  ball  will  be  attracted  by  it>  and  in 
passing  near.  it>will  ^ftfleptrifietj  negatively  ;  it 
will  therefore  be  repelled,  as  soon  as  it  has 
passed  iu  ■^\  •   .  ,         -  r:r  \'l  ■■''.'Z 

As  the'  same  thing  takes  place  in  regard  to  all 
*the  othcx  balls^  the'  resMl*  %viU  be  a-trircùlar 
motion,  which  will .  be.  accelerated  more  and 
more,  and.  will  c<)n|intie«is  long  as  thctwo  jars 
are  in  a  .state  0[f  eiecfLxmty-  Uut  they  may  bë 
easily  kiep^  ;in  inotion,  by  making  the  knob  of 
^  jar  ^t'rcrngly  charged  touch  that  of  onv  of  tliem; 
.and  the  knob  of  the  other  t»Iie  side  of  the  same 
jar:  by  tl>esp  means  (he.pné  will  be  charged 
positively,  and  the  other  negatively^ 
.  M'hen  the  tîle^tricityî  is.  very  stroàg,  and  the 
machine  js  U'ell  con^iucted  and  in  equihbrio,  it 
acquires  H;  motion  capable  of  turning. a  weight  of 
pe vç.ral  ppiinds  placed  on  its'  vertical  îiKix  •  i 

The  electricians  of  Philadelphia  employed  this 
apparatus'  to  turcf  a-apit,  l^ben  a  party  of  them 
H>et  tt>  amuse  thtmtelves  with  philosôirhical  exi 

Î^erimeatSi ,  Bèin^  -  pei'soaded,  no  doubt,  that 
leason  must  sometimes  throw  itself  into  the 
ia;fns  of  Folly»  tbey  assembled  on  the  banki 
of  tlie  Skuylkill,  a  rivef  which  runs  past  Phrla* 
delphia,  and  liavirig  kiiJed:  a  turkty,  by  the  elec- 
tric shock,  they  platcediit  on  a  spit  adaptied  ta 
an  electrical  JiacK,  and  toasted  it  at  a  fire  kindled 
by  the  çjeçtric.  spark  ;  they  then  di*ank  to  the 
liealth  of  the  ILuropeiaA  and  American  philos6*« 
phers  whbciilttva^^d  electricity^  riot  amidst  tfce 
noise  of  mù^etry^  .but' of:  electric  batteries  dis- 
charged at  eaK:h  toiaet,  Dr.  Franklin,  the  first  of 
tlie  philosophical  el^çtiric^çè,  çaUs  t|us  ai>  ^/w* 
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XXI>£aiHENT     xxir. 

Xle  Eketric  Alarum  and  Electric  Harpsichord, 

Suspend  fpom  the  conductor  of  an  electric 
machnie,  three  bells,  at  the  distance  of  about  an 
inch  from  each  other  ;  but  the  outer  ones  must 
be  suspended  by  threads  which  transmit  the 
electric  fluid,  and  that  in  the  middle  by  a  silk 
thread,  or  other  electric  substance.  The  bell  in 
the  middle  must  communicate,  at  the  same 
time,  iwith  the  floor,  by  means  of  a  small 
chain  or  metallic  wire. 

At  «jual  distances,  between  each  of  these 
three  bells,  suspend  by  silk  threads  two  small 
bails  of  metal,  in  such  a  manner,  that  when 
pulled  a  little  to  the  right  or  left,  they  shall 
strike  against  the  bells. 

Jf  the  conductor  be  now  electrified,  you  will 
ininicdiatelv  sec  these  small  cluppers  put  them- 
pelves  in  motion,  and  strike  the  bells  alternately, 
ji'hich  will  fonn  a  small  alarum,  and  if  the  elec- 
tnc  apparatus  be  concealed,  ii  wilt  be  (iifiiculi 
i'oT  those  present  to  discover  the  causé  of  it;  "  '  ' 
■  The  cavse  however  of  this  continued  play 
may  he  easily  discovered';  for,  by  the'construc- 
tioii  -of  the  apparatu»,  the  two  lateral  or  ùutèr 
beHs  are  electrified,  as  soon  as  the  electric  ma- 
chine is  put  In  motion.  The  small  balls  suspend* 
ed  between  them  and  that  in  the  middle  will 
therefore  be  attracted ,  by  these  bells  ;  but  as 
soon  as  they  touch  'them  they  will  be  re- 
pelled, being  electrified  tti  the  same  manner  as 
they  are;  rqey  Till  then  be  carried  towari^s  th^ 


taidtlle  bell,  wMch  having  a  coinmunicatioa 
with  the  floor,  will  iiniiif^i&tely  deprive  them 
of  their  electricity.  Th«y  must  therefore  fall 
back  towards  the  electrilfitd  bells,  which  will 
attract  them  agaip  ;  and  this  play  will  continue 
as  long  as  the  electric  machine  is  kept  in  aotion. 

REM  ARK. 

On  this  principle,  an  Instrument,  called  the 
electrical  harpsichard  has  been  invented.  The 
following  is  a  short  account  of  this  ingenious 
machine  for  which  we  are  indebted  to  Father 
de  la  fiorde,  a  Jesuit,  who  gave  a  description  ^of 
it  in  a  small  work  published  in  1759*  ^ 

Suppose  an  iron  rod,  supported  by  silk  strings, 
and  furnished  with  two  rows  of  bells^  each  two 
of  which  are  capable  of  emitting  the  same  sound, 
because  two  will  be  required  for  each  tone.  One 
of  these  bells  mu&t  be  suspended  from  the  rod  by 
a  wire,  so  that,  when  it  ^S£lectrifie4  the  bell  may 
W  electrified  also.  The  other  must  be  suspended 
by  a  silk  string  ;  and  between  each  pair  oï  bells  a 
small  ball  of  steel  must  be  suspended  by  the  same 
means. 

The  bell  suspended  from  the  bar  at  the  top, 
by  (he  silk  string,  is  furnished  with  a  wire  which 
proceeds  downwards,  and  is  iixed  by  another  silk 
string.  To  its  lower  extremity  is  fastened  a  small 
l^ver,  which  in  its  usual  position  rests  on  aiiother 
insulated  bar^  commupicating  as  well  as  the  other 
with'tbe  conductor  of  an  electrical  machine. 

In  the  last  place,  below  this  second  bar  is  a 
harpsichord,  so-disposed,  that  when  one.  of  its 
keys  is  touched,  the  other  eittreraîty.  of  it  raises 
up  the  corresponding  lever  ;  this  intercepts  tbç 
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communication  of  the  btli  with  tliè  électriaM 
conductor,     ami    establishes    a   comnmiitcation  j 

»itli  the  general  massof  tlw"  earth.  , 

After  this  di-scviption.  it  may  be  ea.si!y  con-  j 

eeived,  that  if  one  of  the  keys  be  tmichcdj  while  < 

tin:  electric  machine  is  in  motion,  one  at'  the  ' 

hells  being  elfctrified,  the  steel  hall  will  inmie-  I 

di;itely  advance  towards  tlie  other,  and,    being  i 

electrified    by  it,    will  be    re()elkd    towards   tho  1 

first,  which  will  deprive  it  of  its  electricity,  dnd  ! 

therefore  it  will  return  to  the  other.  Tlils  motion 
will  take  place  indeed  with  great  rapidity,  and 
ihc  result  will  -be  an  midulating  .sound  re- 
sembling the  vibrations  of  an  organ.  When  the 
lever  falls  doim,  the  two  bells  are  equally  elec- 
trified, and  in  a  moment  the  steel  ball  stops.  | 

Father  de  la  Horde,  havinjç  coastructcd    thid  | 

machine,  could  by  practice  pertonn  on  it,  with 
a    considerable  degree    of  correctness,    ^implo  i, 

airs.  But  was  it  ol  sufficient  importante  to  ho 
made  the  subject  of  a  particular  traatisc,  sinco 
neither  the  science  of  music  nor  the  theory  of 
electricity  could  be  much  benefited  by  itî 

;    _  ..11  i.-ut- 

EXPEEIMENT  XXV. 

The  deitTkd  Morse* Mi^wh  pursue  OKko^V ;  «t> 

-the  Electrical  Iforse^p^:-    ' 

With  two  small  ircun  jidat^  or  tw-«  àn^lvjres^ 
construct  a  sort  of  orgss,  having  s  piece  <w 
copper  in  t^ie  centre,  ao  u  to  rtpreaent  tifOf 
magnetic  needles  crosuog-  each  other  at  right 
«Dgles.  The  etids  of  these  four  branches  must 
^enoiiiate  '^a  a  point,  aa4  abftvt  aoînc^oftliÇ 


jsxtremHies  ,of  ||iem,  .more  or  less  accprd^ng.tp 
.  tl)e  ^ze  of  U^e  iiiiâchtqV>  inust  lie  bent  ba(:k^.^ 
as  to  form  somewhat,  jliessL  tl^aa  , a  right  '  4n^e. 
On  these  beut  ends  fix  a  small  bit  of  light  card, 
and  place  on  each  the  figures  of  horses,  having 
their  tails  turned  toward  tlie  points.     Then  ar» 
range  «the  M^le  on  a  steel  pivot,  raised  in  a  x^er* 
.pendicular  di^ctiçtç^  tt^it  the  cross  wit^  its  load 
,m^y  preserve^tsfelf  in  ahorizotitaLdirçpt|0^^  and 
4iavje  a  ver^f  e/SLsy  rotarj^r.motipAic 
.     Having  then  insi^la^eji  the  machine   atid  iti 
,p^te,   if  the  latter,   or'the  pmot  of  steel,  bj: 
;^ade  tQ  communicate  with  the  electi-Ified  con* 
rfipctor,  ygu  will  soon  see,  these  four  branches  of 
U'on  assumée,  as  if  spontapequsly,  a  rotary  motioii 
in  a  direction  contrary  to  that,  in  which  their 
extremities  fire  bent  ;  so  tjiat  the  four  horses  will 
seem  to  pursue  each  other  in  a  circuKiv  cours^ 
And  this  p)ay  will  continue  as  long  as  the  elec- 
tricity l;jLst$9  and  even  longer,  ou  accQÙP^  of  the 
acquired  velocity. 

If  the  experiment  be  made  in  the  dark,  and 
without  the  horses,  that  is  to  say  with  the  four 
points  alone,  you  will  see  pencils  of  light  or 
electric  fire  issue  from  them,  which  will  form  Bf 
^ery  agreeable  spectacle^  as  the  result  will  he  a 
ring  of  fire  J  and  this  fiug  may  be'  reniiercd 
larger  by  giving  unequal  lengths  to  the  branches 
of  tlvp  crow/  .      .  .  .    ' 

Several  stages  <if  wires,  pl«ice4  hi  the  form  of  a 
cross,  eafih  stage  alway?  decreasing  in  size,  mîghÇ 
be  c<>i)stri|cted,  and  by  tlfese  means  a  lutiiinoui 
pyramid  would  be  formed.  ",  * 

-   Tlie    cause,  of  this   apparently  spontknecin 

mQûm  way;  feeïc^ily  poAceiye4-    it  is  tlie?  i'^ 
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pulse  of  the  electric  matter,  issuing  from  the 
'|K)ints,  which  meeting  Vith  the  air,  experiences 
a  reaction^  and  is  impelled  backwards. 


REAtARK. 


Some  have  pretended  to  deduce  from  this  ex- 
"périment  a  pretty  strong  ohjection  against  the 
*liypothesis  or  Dr.  Franklm  ;    for  whether  this 
.^mall  machine  be  'electrified  either  positively  or 
^negatively,  the  motion  takes  place  i)i  tlie  same 
"direction,  which  has  astonished  those  even  who 
..are  decided  Franklinians.      To  us  this  objection 
appears  to  h:ive  little  weight;  for  in  our  opinion 
Jt  ir.in;ht  be  said,   that  in  the  case  of  negative 
plectrlcity,   the  electric .  fluid  which  is  thrown 
into  the  points,  can  be  absorbed,  without  com- 
municating to  them   an   impulse,    which   acte 
exactly  in  the  same  direction  as  the  repulsion 
experienced   by   the   electric    fluid,   on    issuing 
froîîi   t!:e  points  wlieu  tbcy  are  electrified  po? 
itiveiy. 

EXPERIMENT  XXVr, 

To  cause  xvritbig  in  luminous  characters  to  appectr 
nuddcnhf^  by  the  means  oj  ckctricity. 

This  electric  amusement  is  founded  on  a  well 
known  ohrt  rv:ition,  that  if  several  metallic  wires 
be  dispo.^cd  together,  iii  such  a  manner  that 
their  ends,   without  being  in  contact,   shall  ap- 

Î roach  y^.ry  wmx  to  eacH  other,  so  as  to  be  at 
he  distiiKO  of  a  line,  or  half  a  line;  if  the  first 
l)e  electrified,  while  the   last  has  a  cDmm\^nici\T 


« 

tîon  with  the  mass  of  non*electric  bodi^^  .$park3,  « 
will  continually  be  emitted  between  the  ends  of 
these  wires. 

The  same  thing  will  take  place  if  the  last  of 
these  wires  terminate  ih  a  point  ;  .for  as  it  wilt 
by  these  means  lose  its  electricity,  there  must 
be  a  continual  afflux  of  new  matter  ;  and  tbis 
cannot  be  the  case  without  causing  a  spark  in 
each  of  the  small  intervals,  that  separate  the 
ends  of  the  wires. 

This  being  understood,  it  may  be  easily  con- 
ceived that  a  series  of  sparks,  forming  any  re-, 
presentation  whatever,  w,ith  some  limitations, 
which  will  be  seen  hereafter,  might  be  pro- 
duced,  by  arranging  the  ends  of  the  wires  along 
the  outlines  of  any  figure.  If  the  last  of  the 
wires  be  then  touched  by  the  finger,  or,  what 
will  be  still  better,  with  the  exterior  furniture  ' 
of  the  Leyden  flask,  there  will  be  instantly 
formed,  in  the  intervals  between  these  wiresj^ 
sparks  representing  the  contour  of  the  figure. 

But,  as  this  would  be  attended  Avith  difficul- 
ties, it  may  be  easily  executed  in  the  following 
manner.    Ciit  a  leaf  of  tin-foil  into  small  pieces, 
of  a  line  or  half  a  line  square,  or  into  the  form 
of  a  rhombus  somewhat  elongated.     Then  de- 
lineate on  paper  the  letters  you  intend  to  rer^ 
present,  and  having  put  a  plate  of  glass,  about 
a  line  in  thickness,  on  the.  drawing,  (cement  to 
the  glass  the  small  squares  of  tin-ibil,   or  the 
rhombs  above  described,  according  to  the  out-  ' 
lines  ;  taking  care  that  the  angles  correspond  to  : 
angles,  and  that  they  be  at  the  distance  from 
each  other  of  about  half  a  line,   as  seen  in  the 
delineation  of  the  letter  S,  pi.  8  fig.  44.     Then 


c 
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<ipnn('ct  fhe  exti'eraity  of  one  letter  «^tîi  the 
Chinnieiicement  of  the  foHoM'ing  one,  bv  a  small' 
Wnt  metallic  plate,,  terminating  on  both  sides  in' 
ashatp  poinf,  asscen  ill  tlie  same  figiiix-  ;  a  small 
plate  of  the  like  kind  at  the  comniciiccment  of 
t^c  fiist  letter,  and  anothci- from  the  aid  of  tlie 
last,  must  proceed  to  the  edge  of  the  glass,  and 
beyond  it. 

Let  us  now  suppose  that  tlie  first  of  these 
small  plates  has  a  communication  with  the' 
rlectric  cpmluctor,  and  that  you  touch  tlie 
second,  or  vice  versa;  each  angle  of  the  small 
squares  will  convey  the  electric"' iluid  hy  a  spark 
lb  its  neighbour;  and  if  the  expcrrment  he  per- 
formed in  tlic  dark,  these  two  Itttei-sM-iU  be  per- 
ceived as  if  delineated  by  a  series  of  luminous 
spavks. 

If  the  last  plate  communicate  uith  a  mass 
of  non-cteclfic  bodies,  and  if  the  electricity  be 
«tronj!^,  an  explosion  will  take  place  between 
each  square,  which  will  render  tliis  writing  lu- 
qiitiouâ. 

REUABÏ.  ■     ' 

Cut  it  is  to  be  observed,  that  all  the  letters  of 
'  the  aljihabet  cannot  be  represented  iiï  a  man- 
ner so  simple  as  the  two  here  given  by  way  of 
example.  Thus,  the  O  cannot  be  represented 
.  hy  this  method,  as  the  electric  fluid;  instead  erf' 
goingroiind  in  a  circle;  >i'Ould  proceed  iVonr  the 
nrst  to  the  last  square.  The  A- aUo  would  re- 
ipain  truncated  at  its  upper  pait,  as  the  electric 
ipatter  would  pass  throtigli  it.,  A  particular 
artifiîe    tii^èrefore  is  nccTssarv  to  obviate  this 


inconvenience,    which    occurs   in    regard   to  a 
great  many  otkor  ietttrsj; .  such  as:  £,  F,  H,  &c. 

This  artifice  consists  in  delineating  one  half 
of  the  letter  oa  oue  ai^  q£  the  glass,  and  the 
other  half  on  the  other,  and  in  forming  a  com^ 
luunicadou  bétnrëen  then  by  a  smalt  metaUic 
hand,  wliich,  pi!oceeding  from  the  upper  tO' the 
lower  side  of  thfi  giasB^  itiay  convey  the  electric 
matter  from,  the  last  sqjiisre:  of  the  first  half  of* 
the  O  (pi.  ft  figi.  4.5)  tor  e^ample^  to  the  fii^t 
square  of  the  second. half  of  the  same  letter  ;  and; 
tiieauixitixigy' by.  a. similar  band,  the  last  square- 
of-  tltat^  secoiuL.half  withithe  first  square- of  the 
fhllowing  letter.      If  figw   45   be  carefully  *ei}É- 
axnin£d>  tpie  mechaniam.  of  this  amusement  wtir 
be  easily  comprehended.     .The  letters,   orpsû-te^^ 
of  letters^,  represented/  on*  thciipper  side  of  the 
glass,  must.be  strongly  shaded^  and  those  otl- the 
lower  Hglitly.  As  the  propagation  of  the  electric^ 
fluidiis.inj&tantaneous,  no  inconyemence  canafrise^ 
fromrthia.metliod  of  transmission. 

Itmay  be  readily  seeathat  such  an  artifice, 
in.  the  times  of  superstition,  might  Ivave  béba 
employed  to  terrify  tfaeignonoL     If  a  number 
of  people,  assembled  in. a.  dark  place,  should  see, 
after  a  clap  ofi  thunder,:  a  Jmninous  writing  on 
the  wall,  containing'a. pretended  decision' ot  the 
deity,  what  would  they  not  be  capable  of  dôitag?* 
apd  with  what,  terror  would  a: man  be  struck},  ^ 
who  01^  wakingisbould  see. written  on  die  gloss^^ 
ThU  day  .thou  ^kitlt'dU  ?* 


».  t«. 
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EXPEKIUEKT  XX Vit. 

Electric  Fire-IForh. 

Wc  shall  here  lîescribe  a  new  kind  of  spectaclf- 
I  We  will  not  absolutely  warrant  its  success,   but 
''  we  »re  incltned  to  think  that  our  idea  is  sus- 
ceptible of  being  carried  into  execution. 

An  cxïiibition  of  fire-works  is  generally  cora- 
postd  of  a  fixed  decoration,  representing  an 
.  edifice,  suited  to  the  subject,  and  of  various 
[  moveable  pieces  of  fire;  such  a*  rockets,  gerbesy 
cascades,  fixid  or  revolving  suns,  &c  ;  and  all 
these  pieces,  in  our  opinion,  may  be  represented 
by  merely  electric  fire. 

Let  us  first  assume,  by  way  of  example,  a  de- 
coration of  architecture,  which  is  iHuminaled  by 
a.  series  of  lamps,  disposed  in  such  a  manner,  as 
to  trace  out  its  principal  parts.     Now,   might 
not  a  series  of  points,    reiidtrtd  luminous  by 
electricity,  be  substituted  instead  of  these  lamps  ? 
The  preceding  experinùnt  wilt  furnish  utAvith- 
the  nieans  of  accomplisfaiDg  this  end  ;  for  aince  ' 
letters,  the  figures  of  which  are  much  more  com-  ■ 
.  p)fix,  ma}r  be  rendered  ;4)parent  by  ^  series  of 
sittiiiar  points,  lines,  the. greater  part  (^  whidi - 
are  tfraigbt  and  parallel  or  perpendicular  to  each- . 
other^  may  foe  represented  with  much  more  ease;  • 
b^  A^ntdffiff  to  the  directions  grven  in  ^at^ex- 
périment.     The  following  however  .is  a^gthei 
method. 

On  a  piece  of  very  dry  and  veil  planed  rekin> 
ous  wood,  trace  out  the  design  of  your  decora-   ■ 
tioD,  and  mark  by  points  the  places  where  lamps 
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would  bé  suspended^  were  it  to  be  illuminated  ; 
then  place  at  each  of  these  points  a  piece  bif  iron 
wire^  one  or  two  lines  in  lengthy  and  terminating 
on  the  outside  in  a  very^  delicate  sharp  point; 
and  jform  a  communkation  betw'eèn  all  these 
wires  by  a  long  piece  of  wire  connected  with 
them.  If  the  electric  matter  be  then  excited 
in  a  powerful  manner,  there  is  no  doubt  that 
each  of  these  poin^  will  emit  in  the  dark  i 
small  luminous  gerbe,  which  will  trace  out  the 
design  of  your  architectural  decoration  ;  for  it 
is  well  known  that  a  bar  of  ïtoù,  when  strongly 
electrified,  throws  out  in  the  dark  from  all  it^ 
angles  large  luminous  gerbes;^  which  àte  sôtnê^' 
times  several  inches  in  length.  *' 

Nothing  is  easier  than  to  Yepresent  a  gerbe  6f 
fire  :  .a  group  of-  iron  wires,  teftninating  in  a 
point,  will  produce  an  assemblage  af  staàlf 
gerb^,  which  together  will  form  one  of  a  con* 
siderable  size.  '  ' 

If  a  filled  sun  is  to  be  represented,  it  may  be 
done  by  means  of  ten  or  twelve  points  disposed 
in  the  form  of  radii,  at  the  extremity  of  a  wire 
which-  terminates  in  a  button  :  ana  if  twelve 
points  be  arranged  in  a  proper  manner,  they  may 
form  a  star  by  the  emanation  of  the  electric 
fluid  :  nothing  will  be  necessary  but  to  dispose 
them  ia  the  same  manner  as  rockets  are  in 
commou  fire  works,  to  represent  the  same  thing. 

If  several  pieces  of  iron  wire,  terminating  in  a 
point,  and  having  a  communication  with  a  cpm- 
mon  handle,  be  arranged  in  a  semicircular  form, 
in  a  direction  inclined  to  the  horizon,  they  will 
represent  a  cascade,  by  the  electric  gerbes  which 
issue  from  their  points.  - 

YOL.  IV.  cc 


If  the  figure  of  a  revolving  sun  be  required  j 
you  mub^  cousMfuct  a  çyo^^  similar  to  that  de- 
scribed '\n  thesfth  expe^^n;ient;  but  instead  ot* 
snaking  it  turn  roun^i-.^ti.  a  vertical,  ai^is^  it 
must  be  bjEOught  Ji^tiq.pçjri^ect  equilibi;|^m  o]n  a 
borizontal- one^  Thq.  Juminoua  gerj^e^  .  which 
issue  from  the  be&t  poinj;^.  witl  forip  a  circle  of 
fire,  if  the  WiOtion  be  raj^id,  or  sçipçtl^log  that 
l^s  a  B,ea]-  resçmblancç  to  ^  sun.    . 

What  maj  giyeto  (}iis  .f^hifbUion  an  air  of 
reality^    is   tl^at  it  is  fomble  to  it 

with  the  çkoi;^  of  ai)  e)ef  ^riç  ipa,tt;çry^  wj^jch  will 
fxcite  the  jdeai  Qfmarrççnf  ^pd  saucissons,  a  dis^ 
charge  of  which  accompanies  in  general  other 
fireworks,  if  not  continivijilyi.s^t  least  ^^  certain 
intervals.     Jhis  mi^I^ .  be  dpne,  by>  nieans  of 

9maU  ^leçteic'bja^teriçf^.dv^c^^rg^d  P^^^y  ^^^ 
successively..  '    .    , 

.  This^  as^  already  sa,i:d^  ^^MPT^^X  ^JÛ^»  \ichiçb 
has  need  of  being  subjected  to  experiment j-  but 
in'  our  ppiiiioa  an  ingcnipys  artist  mi^^^  turn  it 
to  advantage.  It  may  easily  be  conceiv^,  that 
the  electricity  in  tliis  case  ought  to  be^U'opg.^ 
but  what  oo*ild  not  be  done  bv  one  eleciric- jédh- 
chuie,  might  be  performed. in.all  prob^biJi|jf  bjL 
two,  or  three,  or.  four.  .•  • 

fcXVLHIMKKT-  XXVIIX..    .-     r--     -  -     • 

()n  the  EUctricitii  of  Silk. 

* 
*      .    I  • 

We  shall  here  present  the  reader  with. a  few 
more  singular  experiments  made  by  Mr»  Sy;irimer 
who  publi5)he(l  them  in  the  rhiloi>oplùcal{lcan^qç» 
tlmis  for  the  year  1759. 


ist.  DûrîAg  exce*dîiligly  dry,  cold  weather, 
Vhen  a  iiorth  or^  tiotth^east  wind  prevails,  take 
two  new'StHc  stocking»,- the  one  black  and  th« 
otheir 'white,  and  after  having  heated  them  well, 
put  theti>  on  fhè  samt  leg:  thé  action  of  putting 
them  on  will  itself  electrify  them.     If  you  then 

ÊuU  tl^ïft-  off,  one  within- the  other,  making  them 
oth  glide  at  the  same  time  on  the  leg,  they  will 
be  found  so  much  electrified,  that  they  will  ad^ 
here  to  each  other  with  a  giéatér  or  less  force; 
Mt.  Symifter  once  saw  fhfejin  support,  in  this 
maniier,  a  weight  which  was  equal  at  least  to 
sixty-  times  that  of  one^  of  tfhem. 

ad.  If  you  draw  the  OVie  froiii  within  the  other, 
pullinjg;  one  by  the  heel  and  the  other  by  the 
upper  end,  they  will  still  remain  electrified,  and 
you  will  be  astonished'  to  see  each  of  them  swell 
m  sUch  à  mannei^  ab  to  represent  the  volume  of 
the  leg. 

3d.  If  one  of  these  stockings  be  presented  to 
the  other  at  some  distance,  you  will  see  them 
rush  towards  each  other,  become  flat,  and  ad- 
here with  à  force  of  sevetial  ounces! 

4th*  But,  if  the  experiment  be  performed  with 
two  paii;s*  of  stock! figs,  combined  in  the  same 
manner,  the  one  white  am]  the  ot1)er  black,  on 
presenting  the  white  stocking  to  the  white,  and 
the  black  to  the  black,  they  will  mutually  repel 
each  other.  If  the  black  be  then  presented  to 
the  white,  they  will  attract  each  other,  and 
become  united,  or  will  tend  to  unite  as^  in  the 
third 'experiment. 

5th.  'fhe  Leyden  flask  may  be  charged  by 
these  stockings. 
•   It  appears-  thence'  to  rewl^  that,  silk  rl 
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against  ^Ik  is  capable  of  electrifying  ;  but  for 
this  purpose  a  preparation  must  be  given  to  one 
of  the  pieces  :  for  two  wKite  or  two  black  stock- 
ings, placed  one  within  the  other,,  cannot  elec- 
trify. But,  it  is  not  the  black  as  black,  opposed 
to  the  white  as  white,  which  produces  this  effect. 
The  abbé  Nollet  has  shewn,  that  the  preparation 
here  alluded  to,  is  the  operation  of  galling,  which 
precedes  that  of  dying  black  ;  for  t\Vro  white  rib- 
bons, one  of  which  only  is  galled,  if  xubbed 
against  each  other  properly,  will  produce  the 
same  phenomena  of  adhesion,  attraction  and  re- 
pulsion. There  can  be  no  doubt  that  the  case  is 
the  same  in  regard  to.  stockings. 

The  partisans  of  the  Franklinian  doctrine,  re- 
specting electricity,  will  not  find  it  difficult  to 
explain  the  other  phenomena  which  hs^ve  been 
mentioned.  Each  stocking  is  electrified  in  a 
different  manner,  one  positively  and  the  other 
negatively  ;  it  appears  that  it  is  the  white  wjiich 
is  electrified  positively,  or  in  the  manner  of  glass. 
The  swelling  up,  observed  iu  each  of  the  insu- 
lated stockings,  is  only  the  effect  of  repulsioti 
between  the  bodies  similarly  electrified  ;  for  all 
the  parts  of  the  same  stocking  have  reçejvod  the 
same  eltctricity.  For  the  like  reason,  two  stock- 
ings of  the 'same  colour  necessarily  repel  each 
other. 

But,  if  a  black  stocking  be  presented  to  a 
white  one,  as  their  electricities  are  different, 
these  two  bodies  Avill  attract  each  other;  this 
phenomenon  is  well  known,  and  if  not  genera), 
JiQ^Aiot  fail  to  take  place  between  two  bodies 
electrified  one  positively  the  other  negatively,  or 
the  one  .in  the  maniierofjglass  gnd  tlie  otJiier  in 
that  of  sulphur. 
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A  very  remarkable  phenomenon  here  is,  that  two 
bodies,  die  one  electnfied  positively,  and  the  other 
ne^tively,  according  to  the  language  of  the  Frank- 
linians,  may  be  applied  to  each  other,  without  their 
electriçi^  being  destroyed.  Mr.  Symmer  remarks 
this  witn  soxAe  astonishment;  and  hence  he  was 
iodueed  to  deviate  from  the  Frankliniw  doetrine  in 
assigning  reasons  for  it,  which,  as  the  abbé  Nt>llet 
observes,  approach  near  to  the  explanation  of  the 
latter. 

It  has  since  been  remarked,  that  the  surfaces  of 
two  bodies>  one  of  which  is  electrified' positively,  and 
the  other  negatively,  may  be  applied  to  each  others 
without  their  electricity  being  destroyed.  This  is 
the  principle  of  the  electr0phoni^,jakifet(r  electric 
instrument,  invented  a  few  years  ago..  Nay  miorir, 
these  two  surfaces  applied  m  this  manner,  retain 
their  electricity  much  longer  ;  but  it  does  not  mani^ 
fest  itself  when  they  are  separated.  Electricity  is*  a 
mine,  which,  the  more  it  is  searched,  presents  new 
phenomena  difficult  to  be  explained.  How  this  is  to 
be  explained^  according  to  the  Franklinian  theory, 
we  do  not  know  {  and^  though  attached  to  the 
science,  we  shall  not  attempt  it. 

XXPERIMENT  XXIX.  ' 

Which  proved  that  electricity  accelerates  the  cmrie  of 

Jfuiih. 

i 

Provide  a  capillary  tube  ;  or  a  tube  terminating 
in  an  aperture  so  narrow,  that  the*  water  which  ruiis 
through  it  can  issue  only  drop  by  df%p.  If  àm 
water  be  electrified,,  you  will  immediately  see  it  'tun 
but  in  a  continued  stream. 


■>•    T.  •-  *^-*    ■'•  -■■  •»    .r  t   - 


pi^  £L£Cmi€AL 


•-  •  •- 


REMAÛC^ 


On  the  em^uânc^s  of  this  experiments  and  the  isura 
perfoKmedy  ^,  fai(i  tJ  heperformed^  by  ekitneity.: 


.•*-.■ 


.  It  M^ptobable  that  it  M^^a.tbis  e^etjsnent  which 
«V^  risfijtQ.tbc  application  of  electricity  to  raedieine; 
fox  it  wii9  jULtttfartQ  reason  .in  thifl  j^ftftflpr  i  i»^'§lecv 
tricity  accelerates  the  course  of  fluids,  it  is  prQbablâ 
that  it  iviU  acceleratQ  that  of  jth.e  bloody  fix«i  t>f  the 
oçrvous  ftnid  in  aninnals.  Biu;  ther^  are  certain  éis^ 
casiQS  which  appear  to  t>e  merely  the  coqseq^icnoe  of 
an  accumulauon  of  thd  nervous  fluid»  such  as  the 
palsy,  and  différer  maladies  depending  on  the  paoM 
çau«e  ;  as  dcafiicssp.  hiindneis,L  &c  ;  consequently» 
electricity 9  by  accekraititg  iqdtier  the  course  of  the 
blood)  or>  that  of  the  nervous; fluids  may  remoye  that 
accumulation»  and  so.  will  pro<)ucQ  a  cure  of  the 
disease* 

Some  physicians  therefore  began  to  electrify 
patients  attacked  by  the  palsy  ;  and  it  must  be 
allowed,  as  we  have  the  testimony  of  persons  free 
from  every  kind  of  suspicion,  such  as  M.  Jallabert 
of  Geneva,  and  others,  that  the  attempt  was  attended 
with  some  success,  It.is  certain  that  this  celebrated 
professor,  and  citizen  of  Geneva,  if  he  did  not  cure 
radically.  M  least  greatly  relieved  a  person  of  the 
name  of  Noguez,  afflicted  with  a  paralytic  disorder. 
This  man,  who  was  incapable  of  raising  up  his  arm, 
after  being  «lecîtrified  three  months,  was  able  to  raise 
up  a  large  hammer. 

This  cure,  which  was  published  in  some  of  the 
journals,  m^de  a  considerable  noise,  as  may  be  well 
supposed  y  and  a  multitude  of  electricians,  in  various 
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part$  «f  Europ^^  und^rt^k  thi.  iUre  ^of  .pinralytics, 
the  dumb^  théèIiQd>&Lt9i'  jWé  bavfe  jLcbilcctîon^  in 
three  volûinie^  Jby  M.  Sftuv'iges^  Aot  of  ithese  curés» 
for  :therftjiff^;^.io.,.wiifch  "Aat  ippdbtibn  bdcciffs:; 
but  of 'the  ptog^es$  ()f  thisappltcatk)^jof  dkctncrtr. 
1  h^t^'f&tK^omt  hcfWei/^iVery  wbU  ^ublisbbi^jRDqi 
in  jiftCfipnUr  is  jrhftt  df.  i»  young  man  <rf'dckhebtcr, 
to  whom  i/iis  Wilson  r!i9tPt:ed:the:.uâi  of  fai&.ieytt'v 
sight,.  wHipb  bel^iU  loâl  after  a  Yiolem'fevfer./  In 
reg^d. to  Iné  greater  pairt  of  the  rest;  tlié  s^ficafioa 
was of'no jiffect..     ,.  .  -      /  .  -[".' 

It  canftoib however  be  deiuedi  that  on  the  first  ap- 
plication of  the  electricity^tbe  patieAts  i&  general  ex- 
perienced soine  reliefs  '  BataLycks.&te^in  the  palsied 
parc^  a  kind  of  helc  and  pHcking»  which  aeemed  to 
announce  the  retutn-of  sensation:  Ihe  blind  sbine- 
limes  saw;  sparks  lof  light  i.  but  in  gdieral  nodiing 
farther  took  placée  and  :  these  bc^inniags»  which 
seemed  to  prooiise  the  greatest  iUcbess»  were  not  fdl> 
lowed  by  happy  consequehces. 

Some  Jtalan  philosophe»,  have  asserted  something 
more  marvellous.  -  Al^out  the  year  1750  they  an- 
nounced, at  Padua,  that  tiectricicy  bcalted  ahd  at- 
tenuated odours  CO  sucbja  degree,  thdt  they  passed 
through  glass  ;  that  purgative  drugs  putinto  a  vessel 
carefully,  and  hermetically  healed,  ptodnckd  their 
jeffect  on  the  person  who  held  the  vessel  in  his  hand, 
while  it  was  electrified.  This  no  donbt  would  have 
been  a  noble  discorvery  in  medicine:  but  unfor- 
tunately this  pretendod  discovery,  announced  virith 
great  solemnity  to  jdl  ^nrope,  vautsned  entirely 
before  the  enlightened  jeyes  of  the  abbé  ^Uet,  who 
undertook*  a  journey  to  Italy  to  eiataminê  it.  He 
found,  at  least,  that  there  was  precipitation  and  mijk 


i 
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.  eowifiiiQa  4s  «U  tkciB 'fine  werdont, -triiidi  êoold 
inotr  be-rtalbse(l"i&  hû  pntenob-  -Ht?iM-«ye<fed 
.thr  ocperidtttt  liimt^imrd''-tittci«  iwïlk  d^^ 
:h6  a«vèr-ibtiÉd:'thie  fhnmTui  irniniimiiHL  ïiJim'i 

y  doi^  wfaetfaerctoetriM  ^n>f  «laieu  JOuJ  ; 
£ilie-âuMn»ifae  nme  «nA  dVtarg^Bite  emanA- 

-tiowdf  owb-andrinihtifa;  •:  "i-'i  .'-'T  i,,. .  . 
.'-  Bl;le^XitK;1.4»iieoftfieFràiApVlôti)]dUny«Iio 
.  ofldnajflr  tw  branch  of  phito|aubf«kli' ditf:RraaaK 
care^'w»  induced  to  trj  the  tmct»,^  iàBeaukf  tm 
'  tome  of  Usftfdêttti^r'AB'fiik^uf.vbàn  had  been 
-afflicted  wfr  a.  hemiplegia  for  three  years  ;  ^nocher 
âgrith  a  iguttvterena  ;  and  a  third  with  deafness.  The 
adecttfc'liuutfcr  conveyed  se\'eral  Eimes  through  the 
palued  jitm>of  the- first,  seemed  in  the  commence- 
Dicftt  to>«nive  Eensailon-;  the  puieiu  perspired  a 
'great  deilivt  eSect  wHkh  c    " 

-all  thcmedidnes  tiefore  adn 

being  electrified  four-  or 'Arç-'i 
the  power -of  motion  ntumisLto  the  paliiedfingers, 
and  the  patient  could  lay  hold  of  a  glass,  and  convey 
it  to  his  mouth,  he  could  even  raise  a  weight  of  40 
or  50  pounds;  but  this  commencement  of  a  cure 
■was  all  that  could  be  effected  ;  and  as  the  patient 
received  no  additional  benefit  from  a  continuation  of 
.the  same  treatment,  for  four  months  more,  it  was 
laid  aside  as  entirely  useless. 

M.  le  Roy  received  as  little  satis&ction  in  regard 
to  his  blind  patient,  though  ia  order  to  free  the  optic 
nerve  from  its  obstructiod,  he  had  invented  an  ap- 
paratus, by  means  of  which  he  gave  him  gentle 
shocks  through  the  head.  The  patient,-  -at  the 
moment  of  the  electric  explosion  through  his  head. 
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perceived  t  fltsh^  but  after  the  electricity  had  been 
applied  aoihe  months^  M*  le  Roy  became  tired,  as 
before^  of  admimstering  a  useless  remedy. 

The  patients  labounng  under  deafness  were  not 
more  fortunate.  M.  le  Roy  directed  the  electric 
fluid  from  one  ear  to  the  other.  At  each  shock  a 
kind  of  noise  was  heard  in  the  head,  which  one  àE 
them  compared  to  all  the  petards  of  la  Grève.  But 
the  auditory  nerves  were  not  cleared,  nor  was  the 
dea&ess  removed.  An  account  of  the  treatment  of 
these  patients  may  be  seen  in  the  Memoirs  of  the 
Academy  of  Sciences»  for  the  year  1755. . 

We  mive  read,  some^ere  in  the  Philosophical 
.Transactbns,  of  an  intermittent  fever  bdx^  cured 
by  electricity.  This  is  not  impossible  ;  as  the  elec- 
tricity, by  accelerating  the  motion  of  die  fluids^ 
might  act  as  a  tonic.  ' 

Some  years  ago,  the  abbé  Sans,  canon  of  Per- 
pignan, annoimcod  at  Pteis  several  cures  which  had 
been  performed  in  his  country  by  electricity.  He 
published  them  in  a  particular  work,  with  various 
certificates  annexed  ;  but  his  operations  on  M.  de  la 
Condamine,  attacked  with  total  insensibility  in  one 
half  of  his  body,  and  total  deafness,  were  attended 
with  no  eflFect.  These  infirmities  indeed  had  taken 
root  for  several  years,  and  therefore  it  would  have 
been  unjust  to  require  success  in  any  attempt  made 
to  remove  them.  But  we  never  heard  that  this 
electrician  had  ever  much  success  at  Paris. 

To  conclude,  it  appears  to  us  that  too  great  hopes 
were  at  first  conceived  in  regard  to  the  application 
of  electricity  to  such  diseases  ;  but  that  it  was  not 
entirely  without  effect,  and  that  in  recent  cases  it 
might  be  tried  with  some  hope  of  success.  The 
rbçumatisiT);  according  to  M.  le  Roy,  seemed  to  op* 
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posé  fke  leah  resistance  to  tbts  reiiiecfy^ftrkiâi  perhafs 
acted  by  re^estibUshin^  pfetspiratioiti  Hrofataûnsd 
profuse  svdats  to  the  greater  part  cf  hit  pàticfati. 
Jflt  short,  ûitre  can  be  nq  doubt  that*  k/bccasioÀs  in 
the  humait  body  an.  universal  orgasmy^'iviiicli  under 
trertain  cihnunslances  might  be  critioal  and  adtaft- 
tagtousw  *  '  '  .  '•'•  ÎM-  .■»  ..    4 

.  ,■•  •'  ......     -.!•!•-  «I..  ^-. 

'   •/   :         EXtlLiLllAWHT  XKX^      '*'    * 


Natural  and  Anmal  Electriihy. 

During,  cold  t^eadiec»  lay  hold  of  a  caryatid  draw 
your  hand  over  her  back  tevtsrial  dnles,  in  a  directioii 
contrary  to  that  of  .the  hair  ;  by  these  meant  *  you 
will  often  exche.  very.strongv<parks^'  vbiçh  vitt 
emit  a  snapping  noise. 


«     >    ■ 


'     REMARK. 

•         •  I 

• 

This  however  is  not  the  only  animal  which  ck- 
hibits  the  electric  phenomena  by  friction  :  even  men, 
under  certain  circumstances^  emit  sparks  which  arc 
absolutely  of  the  same  nature.     There  are  few  people 
to  whom  this  circumstance  is  not  known  by  expe- 
rience*    It  is  during  cold  winters,  and  after  being 
well  heated,  that  they  exhibit  this  phenomenon.    On 
these  occasions,  if  they  throw  off  their  shirt  in  the 
dark,  sparks  more  or  less  vivid,  and  accompanied 
with  a  sensible  snapping,  will  issue  from  it.     Some, 
in  consequence  of  a  particular  temperament,   are 
more  subject  to  this  phenomenon  than  others,     in 
all  probability,  these  persons  are  very  hairy;  for 
hair,  as  it  approaches  the  nature  of  silk,  is  electric 
by  friction  j  and  according  to  every  appearance  it  i$ 


^e  irlcMm  ôl^  the  dry,*  ivflm  lincii,  ag;>i&st  ;tbe  htirt 
which  is  also  dry  and  wacou!  that  p^oducMtbis^clec* 
triciiy»  wâ  the  sparks  vloâch  accooopMy  it.  :  In 
€Qn)bing.a.pei:s9n's  hair  of  a  mornings  in  idry  hoÉtf 
ivtreatber».  U  becomes  very  elastic»  and  ouuûfêstt 
Strong  skns.of  electricity^. ...  .>.  V  ;;*  * 

Theac^lubûoQus  appeaximaes  were  formerly  classed 
pxnQng  tbe^  phosphoric  phenomena  ;  btu  sinoe  the 
new  discoveries  hi  ^ect?içity >- tlwe  can  be  no  do«(Bt 
i^at  they  belong  to  tbe.iattort: 

It  would  have  bea>  iiasy  for  us  to  enlarge  this 
part  of  the.  PtulosojAical.  Recreations  much  more» 
by  intirodùcing  into  it  a  great  number  cf  otbsr 
curious  and  surprising  experiments  relating,  ip  the 
theory  of  electricity  ;  but  as  we  must  cbnfoe  outh 
selves  wHhiii  narrow  limitSf  we  shall  coïVcludç  this 
part  with  a  list  of  the  principal  woirks  to  which  those 
who  are  desirous  pf  obtaining  a  thorough  knowledge 
of  electricity  may  recur  Qf  this  kind  are  Suai  ^nt 
tEiêctrkité  4e  M.  FAbhe  Nollfi^  and  in  particular  a 
work  eu.titled  Recherches  sur  les  Causes  pqrtieuiierés 
des  PbénQmems  électriques,  et  suf  len  ^ff^  nuisiUas 
w  etvantageux  qi^en  feut  e»  entendre^  Paris  j  754, 
lamo  ;  and  to  these  Hiay  be  added  Lettres  sur 
FEleetricite^  3  "wAs.  lamo»  Though  the  Franklinian 
theory  seems^  in  general,  to  have  many  more  partisans 
than  that  of  the  abbé  Nollet,  it  must  be  aUowed  that 
the  latter  applied  to  the  study  of  this  branch  of 
science  with  the  greatest  success*  Besides  the  above, 
we  may  refer  also  to  various  memoirs  of  the  same 
author,  in  which  he  discussed  the  theory  of  Dr. 
FrankKn,  published  in  the  Mémoires  de  l'Académie^ 
fox  1755  and  1760,  &c  ;  and  Recherchée  sur  Us 
Mouvements  de  la  Matière  électri^e^  par  M.  Douteur^ 
1760,  lamo.    These  are  the  best  of  the  works  ia 
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vfafch  the' theoff  of  the  '  French  philosopher  ik 
•  illustrated  and  defended. 

The  Franlcliniaa  theory  was  made  known  fot 
the  first  time^ .  in  France»  by  a  work  entitled  £.r** 
péricnees  4t  Oherùation»  sur  rEctricitê,  faites  à 
Philadelphie  en  Amérique  par  M.  Benfamim 
Frakklin^  Paris  1756;  'iimo;  translated  from 
the  English.  We  hare  since  seen  an  edition  of 
Dr.  Franklin's  works,  in  two  vols.  4to  ;  the  first 
of  which  contains  all  his  experiments,  and  â 
great  many  interesting  facts  in  regard  to  elec- 
tricity. From  these  works  the  reader  may  soon 
acquire  a  sufficient  knowledge  of  the  theory  of 
electricity.  We  ought  to  add  also  different  me* 
snoirs  of  M.  le  Roy/  one  of  the  ^^inCjpal  par- 
tisans of  Dr.  Franklin,  published  itt  the  Me- 
moires  4k  T Académie,  for  1754,  &c.  ^  A  very  in* 
-teresting  work  also  on  this  subject^  is  a  treatise 
'by  Fattier  Beccaria,  entitled  DelP  Electricismô 
naturals  i  artificiale^  which  appeared  at  Turin 
in  1759,  4to.  It  contains  experiments  which 
are  strongly  in  favour  of  the  Franklinian  theory,- 
and  a  great  many  new  observations  conccminfif 
the  electricity  of  the  clouds.  We  must  not  here 
omit  to  mention,  that  Father  Beccaria  is  one  of 
those  philosophers  who  \vere  most  successful  in 
cultivating  the  science  of  electricity,  and  that 
he  discovered  a  number  of  new  and  very  jextra* 
ordinary  phenomena.  In  some  of  the  vohime? 
of  the  Philosophical  TrajimctionSy  likewise,  are  à 
great  many  curious  papers  on  difterent  electric 
phenomena^  by  Mr.  Nairne  and  Mr.  Wilson^ 
Drs.  Lind,  Watson,  &c  ;  but  it  would  be  too 
tedious  to  particularise  them, 

\n  the  year  1752,  a  work  entitled   Histoire 


EXPERIMENTS.  389 

de  r Electricité,  was  published  in  three  small  vols, 
duodecimo.  The  author  has  collected  pretty 
well  every  thing  that  had  been  done  or  said  in 
regard  to  electricity  befpre  that  period  ;  but  in- 
termixed with  insipid  witticisms  and  illiberal 
sarcasms.  Since  that  period  however.  Dr. 
Priestley,  one  of  the  ablest  of  the  English  phi* 
losophers,  has  given  a  new  Ifistory  of'  Electric 
city  J  which  is  much  better,  and  more  instructive. 
A  French  translation  of  it  appeared  at  Paris  in 
177 1,  3  vols.  i2mo.  To  these  we  may  add  the 
following  works  :  Adams's  Essa/on  Electricity, 
8vo.  1787.  A  complete  Treatise  on  Electricity 
by  Cavallo,  3  vols.  8vo.  And  a  learned  work  on 
the  subject,  in  4to.  1779,  by  lord  Mahon,  noNr 
Karl  Stanhope. 
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X  HQSE  who  are  only  initiated  in  qhemlstry» 
must  coeoeiye  an  idei^  of:  this  science  very  dif* 
feront  frpm  that  which  is  entertained^,  by  thcr 
y^lgai^  According  to  tiie  common  class  of 
niankind>  chemistry  is  ^lie  cbinieric^al.  art  »f. 
transiouting  metaJs,  or  at  mo^t  of  producing 
some,  extissprdioary  phenomena,  rather  cHriou^ 
than  usefiiL  But  in  the. eyes  of  the  philosopher,. 
tip  whom  it  is.  knowi^,  H:  h  the  inosjt  :  opaeofiv^ 
aad  most  interesting  of'  all  the  branches  .^vn^ 
tyral  phiioftophy.  We.  may  even  yentuWj  tA 
assert,  that  it  is  doubtful  whftthen  the.  aftiellto 

tioaof a gpraaft philos^*.. <»i,  bft,gjw«.taiaiiy 
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person  unacquainted  with  chemistry.  It  is  at 
least  certain,  that  though  without  its  assistance 
we  can  account  for  some  of  the  phenomena  of 
nature»  such  asi  the  motion  of  the  celestial  bodies, 
the  effects  of  the  gravity  of  the  air,  &c  ;  yet 
there  are  a  far  greater  number  which  can  be 
explained  by  chemistry  alone.  Indeed  chemistry 
is  not  less  extensive  than  nature  itself.  Animals, 
vegetables,  and  minerals,  all  fall  within  its  pro- 
vince. It  is  it  that  analyses  them,  combines 
their  principles,  examines  the  phenomena  re^ 
suiting  from  them  ;  and  thus  renders  lis  more 
intimately  acquainted  with  their  nature.  Hence 
are  deduced  a  multitude  of  useful  processes  ;  so 
that  it  may  with  trutti  be  said,  that  many  of  the 
arts  are  nothing  else  than  a  continual  applica- 
tion of  chemistry.  Of  this  kind,  are  the  arts  of 
glass  making,  dyeing,  metallurgy,  &c.  We  may 
even  add,  that  the  most  common  of  the  arts, 
those  that  are  most  necessary,  are  often  che- 
mical processes  ;  such  for  example,  is  that  of 
washing  ;  respecting  the  truth  of  which  the  per- 
son who  practises  it  entertains  no  doubt;  though 
still  it  is  an  operation  which  chemistry  alone 
can  explain.  This  explanation  consists  in  the 
property  which  fixed  alkalies*  have  of  rendering 
fat  subbtances  soluble  in  water,  and  of  forming 
a  soap  with  them.  Those  who  know  that  one 
of  the  first  operations  of  this  art  is  to  soak  the 
linen  in  a  sort  of  ley^  made  of  wood  ashes  or 
vegetable  fixed  alkali  (pot-ash),  will  readily  be 
convinced  of  the  truth  of  wha,t  we  have  advancedw 
In  this  part  of  our  work  we  need  not  adduce 
any  other  examples* 
'*.  Chemistryalso^  of  all  the  branches  of  philoso- 


or  SALTS.  ^  ^$S' 

l^y,  exhibits  the  most>singular  and  most  curious 
phenomena.     Who  will  not  be  astonished  to-^ce 
iron  filings,  immersed  in  a  liquid  a»  cold  as  itself, 
immediately,  produce  a.  violent  ebullition,  and 
yapQurs^  susceptible  of  inflammation?  Can  any 
one/  without  admiring  the  operations  of  nature, 
see  thi3  metal,  so .  sol^d,  afterwards  destroyed  in 
some  measure  by  the  above  fluid,-  and  united 
with   it  in   such  a  manner,  as  to  pass  with  it 
through  the  closest  filtre?»  Who  will  not  be  filled 
with  wonder,    on  seeing  another  limpid  hquor 
suddenly. dissolve  this  union,'  and  cause  the  iron 
to  fall  to  the  bottom  of  the  vessel,  in  the  form 
of  an  impalpable  powder?    It  is  needless,    and 
would  require  too  much  time,  to  enumerate  here 
any  more  of  these  phenomena,  as  we  shall  here-^ 
after  give  a  particular  account  of  those  that  are 
the  most  remarkable  apd  most  interesting.     But 
it  will  first  be  necessaiy  to  bring  the  reader  ac- 
quainted with  the<  principal  substances  employed 
as  agents  in  these  operations. 


I  ^1 


ARTICLE  I. 


0/ Salts. 

The  ..name  salts,  or  saline  matters,  is  givèft 
to  all  Jthose  bodies  which,  when  immersed  iii 
w<Ucr<>r,  exposed  to  daanp  air,/  resolve  them- 
selves into  liquids:  of  this  we  have  an  example 
in  the  weil  known  marine  salt,  in  nitre  of  salt- 
petre,  ifi  alum,  vitriol,  tartar,  saiammbni^çj, 
&c.  When  immersed  in  water,  tkesé  :  disa'ppç^n 
and  become  intimately  mif.f^^r^'^âtU  Ù^ 
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liquor.  This  is  what  is  called  solution  or  dissolu- 
tion. 

Sails,  to  be  dissolved  entirely,  require  a  greater 
or  less  quantity  of  water,  according  to  the  nature 
of  them.  Marine  salt,  to  be'dissolved  entirely, 
requires  twice  its  weight  of  water  ;  alum,  twelve 
times  its  weight;  seleiiite,  six  or  seven  hun- 
dred  times,  &c. 

Tliough  acids,  alkalies,  and  their  mixtures, 
generally  speaking,  are  called  saline  substances, 
It  is  necessary  in  chemistry  to  consider  them 
separately,  in  order  to  obtain  a  knowledge  of" 
their  principal  properties, 

§  I.  Of  Acid^. 

We  shall  not  here  say,  with  the  author  of  the 
Dictionnaire  de  Physique  portatif*,  and  some  of 
tlie  old  chemists,  that  an  acid  is  formed  of  long, 
sharp  and  cutting  particles  ;  for  nothing  is  more 
destitute  of  foundation  ;  and  by  the  help  of  such 
a  definition  it  would  he  impossible,  in  an  apo- 
thecary's shop,  to  distinguish  an  acid  from  an 
alkali,  or  from  a  neutral  salt.  The  following 
is  a  more  correct  descrifitioii. 

Acids  in  general  have  a  liquid  form,  and  leave 
OS  Xhci  ttmgue  an  impnssion  of  sourness  and 
coidoeM,  They  possess  also  the  pfo^crty  of 
changing  the  colour  v£  blue  vegetable  juices  to 

■_  *  Acccnçdii^  to  this  author,  iron  u  composed  of  vitriol, 
sulphur  andeuth  :  fermentation  is  a  movement  occauoned 
^  ^e  intro:duction  of  acids  into  alkalies  :  when  alkaJiet 
«emulate  thej>;  fbrm  crystals  :  sulphur  is  an  Inflammable 
tMimrdMmpcncd  offire,  oil,  water  And  earth  ;  copper  is  â 
compound  of  sulphur,  Ti(rio^i.&c.  !  t  . .    -  -  ' 
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red;  and  they  combine  readily  with  alkalies, 
earths  and  metals,  with  whicl^  they  form  neutral 
salts. 

To  try  an  acid  by  vegetable  colours,  take 
syrop  of  violets,  or  blue  paper,  and  pour  the 
liquid  acid  over  it  :  the  violet  or  blue  colour  will 
soon  assume  a  red  hue.  When  any  liquid  there- 
fore, poured  over  syrop  of  violets  or  blue  paper, 
chances  the  colour  to  red,  we  may  be  assured 
that  It  is  an  acid,  or  that  an  acid  predominates 
in  it. 

Acids  are  by  modern  chemists  divid^  into 
mineral,  vegetable,  and  animal,  according  as 
they  are  derived  from  one  or  the  other  of  these 
sources. 

The  old  chemists  were  acquainted  with  no 
more  than  three  mineral  acids,  namely  the  vi- 
triolic, the  nitric,  and  the  marine,  so  called  be- 
cause obtained  from  vitriol,  nitre,  and  marine 
salt.  The  mineral  acids  now  known  are  much 
more  numerous.  These  acids  are  the  sulphuric 
or  vitriolic,  the  nitric,  the  muriatic  or  marine, 
the  carbonic,  the  boracic,  the  fluoric,  the 
succinic,  the  arsenic,  the  molybdic,  and  the 
tungstic. 

Tlie  vegetable  acids  are  also  now  pretty  numer- 
ous. The  following  are  known  :  the  acetic  acid^ 
or  pure  vinegar  ;  Uie  tartareous,  extracted  from 
tartar;  the  gallic,  from  sall-nuts;  the  citric, 
from  lemons  ;  the  malic,  from  apples  ;  the  ben^i 
zoic,  from  flowers  of  benjamin  ;  tm.çamphoriÇp 
from  camphor  oxygenated  to  acidity;  Uie  pyxtH 
tartareous,  the  pyrmigneous,  and  tbépvrroiucoug. 

The  three  last  mentioned,  however,  have  re-» 
cently  been  proved^  te  tfeiiperiily;  adMic  acid. 
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rendered  impure  by  empyreumatic  oil*  ;  and 
ought  therefore  to  be  no  longer  considered  as 
distinct  acids. 

The  following  animal  acids  are  known  :  the 
phosphoric,  or  phosphorus  and  oxygen  in  union 
to  saturation  ;  the  lactic,  obtained  from  milk  ; 
the  saccholactic,  extracted  from  sugar  of  milk  ; 
the  formic,  from  ants  ;  the  sebacic,  from  fat  ; 
the  bombic,  from  silk-vorms;  the  uric,  from  the 
human  calculus  ;  the  prussic,  which  is  the  co- 
louring matter  of  Prussian  blue. 

Acids  formerly  were  considered  either  as 
simple  bodies,  or  various  liypothescs  were  ad- 
mitted in  regard  to,  their  origin  and  composition. 
It  is  now  however  proved  by  experiment,  that 
every  acid  consists  of  a  peculiar  body  combined 
with  oxygen,  which  is  the  basis  of  oxygen  gas, 
and  thence  lias  been  called  oxygen,  that  is  the 
generator  of  acidity.  The  bodies  which  enter 
into  union  with  oxygen,  and  form  acids,  arc 
railed  the  radicals,  or  bases  of  the  respective 
acids,  which  they  constitute. 
■  AVhen  the  bases  are  jierfectly  saturated  with 
oxygen,  the  acids  are  called  perfect  acids,  and 
are  denoted  by  the  termination  ic,  to  distinguish 
them  from  the  imperfect  acids,  in  Which  the 
bases  predominate,  and  to  which  the  ténnination 
bus  is  given.  Hence  we  have  7iitru:  and  nitroùsi 
sulphuric  and  sulphurous  acids;  Si-c. 
'  Some  bases  can  ■  combine  with  an  excess  of 
,  oxygen  ;  the"  acids  thence  resulting  are  called 
Oxygenated  or  oxygenised.  -' 
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Of  the  Vitriolic  acid/ 

» 

The  vitriolic  or  sulphuric  acid,  the  most 
powerful  of  all,  is  furnished  by  vitriol  cither 
green  or  blue,  or  by  alum,  for  vitriol  is  a  salt 
formed  merely  by  the  combination  or  union  pf  aji 
acid  with  iron,  and  copper;  alum,  in  like  manner, 
is  the  combinatioh  of  an  acid  with  argillaceous 
earth;  and  experience  has  shewn  that  the  acid 
in  these  three  substances  is  absolutely  the  sanae. 

It  will  be  sufficient  here  tb  observe,  that  the 
acid  is  extracted  by  means  of  fire.  These  tn at ters 
are  inclosed,  M'ith  certain  preciautipns,  in  a  re- 
tort, and  being  exposed  to  a  strong  iSre,  :the  vio- 
lence of  the  heat  obliges  the  acid,  which  is  sus- 
ceptible of  being  reduced  to  vapour,  to  sjibandon 
the  metal  or  earth,  to  which  it  w^  united,  and 
to  pass  over  into  the  receiver  in  the  form  of  a 
liquid.  '. 

Another  method,  still  more  simple,  of  obtain- 
ing the  vitriolic  acid,  is  by  the  combustion  of 
sulphur  ;  for  it  has  this  substance  for  its  base, 
and  on  that  account  it  is  now  known  by  the 
name  of  the  sulphuric  acid. 

If  sulphur  be  burnt  slowly  under  a  bell  glas3, 
the  fumes  arising  from  it  will  be  condensed  on 
the  interior  surface  of  the  vessel,  and  run  down 
in  the  form  of  a  liquid,  which  will  be  an  acid 
with  an  excess  of  base,  that  is  sulphurous  acicj. 
In  this  process,  the  sulphur,  by  its  combustion, 
receives  oxygen  from  the  atmospheric  air,  which 
is  a  mixture  of  oxygen  gas  and  azotic  gas,  and 
at  the  same  tin\e  moisture,  which  enables  it  to 
assume  the  liquid  form. 


In  the  Urge  way  of  manufacture,  the  sulphu* 
ric  acid  is  oibtatned  by  burning  sulphur  with 
the  addition  of  a  little  nitre,  in  an  apartment 
ihiéd  àU  rouqd  with  lead,  a  metal  au  which  that 
acid  *  exercises  little  or  no  action.  The  floor  is 
covered  to  some  depth  with  water,  and  the  aper» 
fure  or  door  is  shut  as  sooti  as  the  ihateria|s  are 
ifiidamed.  The  nitre  is  employed  to  facilitate 
ibe  combustion.  The  nitnc  acid,  otie  of  the 
jprinciples  In  the  nittt,  ii  in  à  great  iheasure  de- 
txnnpo^ed»'  and  gives  up  its  oxyeen  to  the  sul- 
bfiut,  which  by  this  supply,  and  the  oxygen  it 
cBérivés  'fr6m  the  air  in  the  room,  becomes  acid- 
ified. Wheti  the  ooftibûëtion  is  over,  and  the 
fUnies  have  had  suflSciedt  time  to  be  absorbed  by 
the  Walter  in  the  apartment,  the  door  is  opened 
ito  adittit  à  fctA  supply  of  air,  and  to  introduce 
'  a  new  cbalrge  of  sutpliur  and  nitre,  ivhich  is  de- 
''ëàfpriteà  as  béifbrt.  This  operation  is  successive- 
ly repeated  for  several  weeks,  till  the  water,-  now 
xni:lted  with  acid,  is  found  by  examination  to  be 
cSf  a  certain  specific  gravity.  The  fluid  is  then 
distilled  or  simply  boiled,  which  drives  off  a  por- 
tion of  the  redundant  water,  and  leaves  the  acid 
in  a  concentrated  state.  -  When  this  is  properly 
.  done,  its  weight  is  equal  to  about  double  the 
Weight  of  an  equal  volume  of  water. 

"ifiie  vitriolic  acid  is  the  most  poM'erful  of  all, 
atld  is  able  to  separate  all  the  others  from  their 
combinations  with  alkalies,  earths,  and  metals. 
In  a  subsequent  article  we  shall  give  some  expe- 
riments to  illustrate  this  chemical  play,  which  is 
exceedingly  curious,  and  the  cause  of  a  thoo^ 
sabd  singular  effects  in  nature. 
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Of  the  Nitrms  acid.  ^  ^ 

Nitre  or  saltpetre^  a  substance  well  knoWn^ 
furnishes  the  nitric  acid;  Saltoetre  indeed  is 
thé  result  of  the  union  of  this  acid  with  & 
matter  to  which  chemists  give  the  name  of 
fixed  vegetable  alkali  J  because  the^  hashes  of  ve- 
getables yield  the  same  substance^  ^  They  are  «e- 
parated  from  each  other  by  proc^SMi*  which  it' 
is  not  our  object  here  to  describe  ;  and  in  this 
manner  is  obtained  a  liquor  called  nitrous  acid  ; 
from  which  the  mtric  acid  is  procured  merely 
^y  separating,  by  means  of  heat  applied  to  it  in 
a  proper  apparatus,  that  portion  which  has  no£ 
been  fully  saturated  with  oxygen.  It  is  lighter, 
and  in  general  less  active  than  the  vitriolic  acid« 
It  is  commonly  of  a  dark  yellow  colour;  and, 
when  well  concentrated^  continually  emits  red- 
dish vapours^  which  seem  to  circulate  in  the 
vessel  that  contains  it.  The  ratio  of  its  weight 
to  that  of  watèK.  is  then  as  3  to  2. 

The  nitrous  acid,  when  in  a  moderate  state  of 
concentration,  is  called  also  aqu(rfortis.-  It  is 
the  proper  solvent  of  silver  and  copper.  When 
fully  saturated  with  oxygen,  or  in  the  state  of 
Nitric  acid,  it  is  colourless. 

Of  the  Marine  or  Muriatic  acid. 

Marine  salt^  so  generally  employed  and  so 
well  known^  is  the  substance  from  which  the 
marine  acid  is  extracted;*  for  common  salt  is 
a  combination  of  this  acid  with  a  substance 
called  by  chen;iists  the  fixed  mineral  alkali^  or 
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soda.  They  arc  separated  from  each  other  by  j 
certain  processes,  and  the  liquor  thence  result- 1 
ing  is  marine  or  muriatic  acid. 

The  marine  acid  has   characters  and  proper* 
ties,  which  render  it  very  distinct  from  the  tw 
pr(;cedin.g  ones.      In  ita  iiiglie^t  state  of  concea 
tration   it  is  only  a  little,  heavier  tlian 
being  in  tile  ratio  c)t",about  /9  to  17.     Jts  çoloui^ 
ts,<i  leaiuii.yeUov,. aad .iUiiïflit^l) ^ppreat^ies  to'' 
that  of  saffron. ,         .  .    i.lro  ('■ci  uit-   ixtv  ■■^ 
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.,  To  enter  into  a  paptii^iij^r  ^ccou^t  qf  .ait  che- 
minerai acids,  would, -r*iquirc  more  riiom  t\n,i\- 
the  natnre  of  this  work  will  admit  ;  ami  it  is  ihe 
less  necessary,  as  anfornjatiun  rcspivtrjig  them 
may  be  found  in  almoàt  every  wûik  on  che-. 
mistry.  ■  1  i^ 

Of  ihe  P'egetable  acids. 

:,  The;pr«cedinK  remark  must  be  applied  also  to 
thi^iclajs  of  acids,  as  jve  mean  to  confine  our-, 
selyeï  to,  the.  acetous^  .iwhjch  is  well  known.- 
Vinfigar  may  be  deprived  of  its  superfluous 
water  in  a  great  many  different  ways  ;  and  in 
this  state  its  strength  is  little  inferior  to  that 
of  many  of  the  mineral  acids. 

The  following  is  a  simple  method  of  concen- 
trating it.  Expose  vinegar  to  the  severe  cold 
during  winter:  it  will  then  in  part  freeze,  and 
if  the  ice  be  removed,  the  remainder  will  be 
vinegar  of  a  much  superior  quality.  By  repeatt 
ing  this  operation  several  times,  yon  will  obtain 
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vinegar  more  highly  concentrated,  as  the  cold 
has  been  more  intense.  Artificial  cold  may  be 
afterwards  employed,  and  in  a  much  greater  de- 
gree than  the.  greatest  cold  ever  experienced  in 
our  climates.  « 

§  II.  Of  Alkalies. 

Alkalies  are  divided  into^.rcrf  and  volatiU, 
'ï\\t  former  have  no  smell  ;  the  latter  have  a  pun- 
gent and  penetrating  odour.  The  general  pro- 
perties of  pure  alkalies  are  : 

ist.  That  they  have  a  peculiar  caustic  or 
burning  taste,  termed  alkaline. 

2d.  That  they  change  the  blue  juices  of  veget- 
ables green  ;  the  yellow  infusion  of  turmeric, 
brown  ;  and  the  red  infusion,  of  Brazil  wood, 
violet.  ♦ 

3d.  That  combining  with  acids  they  form  neu- 
tral salts. 

When  a  liquor  therefore  poured  over  syrops 
or  infusions  of  the  above  kind,  or  upon  paper 
that  has  been  tinged  with  them,  changes  the 
colour  in  the  manner  described,  it  is  alkaline^ 
or  an  alkali  predominates  in  it. 

Alkalies  however  are  seldom  pure  in  the  strict 
sense  of  the  word,  being  generally  combined 
with  carbonic  acid,  or  hxed  air  ;  and  in  this 
state  they  are  termed  mild,  to  distinguish  them 
from  caustic  or  pure  alkalies,  that  is  alkalies 
which  have  been  freed  from  the  fixed  air. 

The  common  method  of  depriving  them  of 

their  fixed  air,  is  by  throwing  into  an  alkaline 

solution^  or  ley,  a  quantity  of  quick  lime.     The 

^  lime  by  its  greater  affinity  for  the  fixed  air. 
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seizes  on  it»  and  leaves  the  alkali  in  a  caustic 
state  :  for  limestone  or  chalk  is  pure  lime  satur- 
ated with  fixed  air^  which  it  gives  up  when  ex*» 
posed  to  a  strong  heat  ;  and  it  is  then  called 
«quicklime.  When  saturated  with  the  carbonic 
acid  or  fixed  air,  from  the  alkali,  it  again  be- 
comes mild  lime  or  chalk,  and  falls  to  the  bottom 
of  the  vessel* 

Of  fixed  Alkalies. 

There  are  two  kinds  of  fixed  alkali,  namely, 
the  mineral  or  soda;  and  the  vegetable,  or  pot- 
ash. They  are  called  fixed,  because,  though 
exposed  to  a  strong  heat,  they  are  not  dissipated, 
but  fuse  like  metals,  and  like  them  can  endure 
a  red  heat.  They  facilitate  the  fusion  of  stones, 
earth  and  sand  ;  and  for  this  reason  are  much 
used,  esîpecially  the  first,  in  glass-'houses.  They 
are  both  of  extensive  use  in  the  arts. 

Fixed  mineral  alkali  is  obtained  from  marine 
salt  ;  for  when  this  salt  is  deprived  of  the  acid 
which  enters  into  its  composition,  the  remainder 
is  fixed  mineral  alkali,  but  to  extract  it  from 
this  substance,  requires  a  tedious  and  expensive 
process.  The  most  common  method  of  obtain- 
ing it,  is  to  burn  certain  plants  which  grow  on 
the  sea  coast,  or  are  washed  on  shore  by  the 
tide.  Of  this  kind  is  the  plant  kali  or  glass^ 
wort,  from  which  the  denomination  of  alkali 
is  derived,  and  various  other  marine  plants, 
such  as  varec  or  sea-wrack,ywci,  &c.  The  ashes 
of  these  plants  contain  abundance  of  fixed  alkali, 
which  may  be  extracted  and  purified  by  lixiviat- 
ing them,  and  then  evaporating  tjie  ley.     This 
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h  what  is  known  in  commerce  under  the  name 
of  soda. 

Fixed  vegetable  alkali  is  commonly  obtained 
by  the  combustion  of  the  greater  part  of  other 
plants,  and  of  wood,  such  as  common  fire  wood. 
A  great  deal  is  made,  in  this  manner,  in  differ- 
ent forests,  where  immense  quantities  of  wood 
are  burnt  for  that  purpose  in  pits:  the  ashes 
which  remain,  contain  abundance  of  this  fixed 
alkali,  known  in  the  shops  under  the  name  of 
potashes.  By  lixiviating  tnem,  and  then  evapor- 
ating the  ley,  an  alkali  much  more  active  may 
be  obtained. 

Another  method  of  obtaining  fixed  vegetable 
alkali,  much  purer,  is  to  employ  wine  lees,  and 
the  tartar  which  adheres  to  the  sides  of  wine 
casks.  These  substances  are  formed  into  packets 
or  masses  of  the  size  of  the  fist,  and  then  burnt 
until  they  have  assumed  a  white  colour.  By 
these  means  vetv  pure  fixed  alkali  may  be 
produced.  It  is  known  in  the  shops  under  the 
name  of  salt  of  tartar,  or  alkali  of  tartar.  It  is 
absolutely  the  same  as  common  potash.  In  this 
state  however  they  are  not  entirely  free  from  a 
combination  of  carbonic  acid. 

The  two  fixed  alkalies,  the  vegetable  and  mi- 
neral, differ  from  each  other  principally  by  one 
peculiar  property.  The  fixed  vegetable  alkali 
attracts  the  moisture  of  the  air  so  strongly,  that 
to  preserve  it  in  a  solid  state  it  must  be  put  into 
well  closed  vessels.  If  lefl  exposed  to  the  air,  it 
''deliquesces  of  itself,  and  in  tnis  state  is  called 
oil  of  tartar  per  deliquium  ;  an  appellation  very 
improper,  for  it  is  not  an  oil. 

Qn  the  other  hand,  fixed  mineral  alkali,  in- 
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6teaJ  of  attracting  moisture,  loses  its  own,  and 
effloresces;  that  is,  tails  into  dust;  and  for  this 
reasoo  it  can  be  preserved  with  much  more  couu 
veiiicDce  than  the  other.  ^M 

P'olalile  Alkali. 

This  alkali,  or  ammonia,  is  produced  by  the 
combustion  of  most  animal  n)attfrs,  or  by  the 
putrefaction  of  aniuml  or  vegetable  substances. 
The  smell  of  putrified  bodies  is  owing  to  the 
alkali  disengaged  from  tlicm  during  that  opera- 
tion, by  wliich  nature  reduces  them  in  some 
measure  to  their  first  principlcj*,  in  order  that 
ihey  may  serve  for  new  compositions.  The 
strong  odour  which  proceeds  from  privies,  is  a 
highly  vulntile  alkali.  It  La  called  volatile  be- 
cause a  htat,  inferior  even  to  that  of  boiling  ■ 
water,  is  sufficient  to  djsfxrse  it  in  vapouiï,! 
which  always  discover  tliemselvcs  by  their  peuo- 
trating  suitll. 

§.  lu.  Of  Neulral Sails. 

When  a  salt  is  neitlier  acid  nor  alkaline,  if  it 
neither  turns  syrop  of  violets  or  blue  paper  red 
or  green*,  it  is  called  neutral.  The  reason  of 
this  appellation  is  evident.  Of  this  kind  are 
marine  salt,  nitre,  thç  different  species  of  vitriol 
found  to  a  natural  state,  and  various  other  salts, 
both  natural  and  artiScial. 

A  neutral  salt  consists  of  an  acid  combiae# 

*  This  rule  ts  ]iable,to,  some  exceptions.  It  may  how- 
ever be  followed  without,  âjw  danger  of  much  oiistaie. 
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^ith  an  alkali,  an  earth,  or  a  metal.  We  shall 
here  give  a  few  examples,  enumerating  the  most 
common  combinations  of  the  three  principal  mi- 
neral acids,  with  different  substances. 

Thus,  vitriolic  acid,  combined  with  zinc,  forms 
white  vitriol  (sulphate  of  zinc)  ; 

With  copper,  blue  vitriol  ; 

With  iron,  green  vitriol  ; 

With  argillaceous  earth,  alum  ; 

With  calcareous  earth,  selenite  ; 

With  volatile  alkali,  ammoniacal  vitriol  ; 

With  fixed  mineral  alkali,  Glauber  s,  Epsom  or 
SeidUtz  salt  ; 
•    With  fixed  vegetable  alkali,  vitriolated  tartar. 

Salts  so  fonned  are  called  sulphates  ;  as,  sul- 
phate of  iron,  of  copper,  of  zinc,  of  ammonia^ 
&c,  according  as  one  or  other  of  these  sub- 
stances is  united  with  the  acid. 

The  nitric  aeid,  combined  with  fixed  vegetable 
alkali,  forms  nitre; 

With  fixed  mineral  alkali,  quadrangular  or 
cubic  nitre  ; 

.  With  volatile  alkali,  a  nitrous  ammoniacal  salt; 

With  silver,  a  peculiar  salt  fusible  by  a  mo- 
derate heat,  known  under  the  name  of  lapU  in- 
Jernalis^  on  account  of  its  causticity. 

These  combinations  are  called  nitrates  oï  xht 
substances  joined  to  the  nitric  acid. 

The  marine  acid,  combined  with  fixed  mineral 
alkali,  forms  common  marine  salt,  or  muriate  of 
soda; 

With  fixed  vegetable  alkali,  febrifuge  salt  of 
Sylvius,  or  muriate  of  potash  ; 

With  volatile  alkali,  kal  ammoniac  ; 

With  mercury,  if  digested  on  it  long  enough 
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to  oxidate  the  metal  completely,  it  forms  corra 
stvc  sublimate. 

When  this  muriate  is  not  perfectly  saturated 
with  oxygen,  it  forms  a  salt  sailed  mercur'tus  dulds. 

All  ueutral  salts,  composed  of  marine  or  mu- 
riatic acid,  combined  with  alkalies,  earths,  or 
metaU,  are  called  muriates. 

The  vegetable  acid,  called  the  tartareous, 
combined  with  fixed  vegetable  alkali,  foi-ms 
tartar  : 

With  fixed  mineral  alkali,  the  salt  called  vege- 
table salt,  Seignettes  sail,  or  Sal  polifchrent  .- 

Acetic  acid,  when  combined  with  vegetable 
alkali,  forms  a  salt  c&Wtà  foliated  earth  of  tartar 
(acetate  of  potash)  : 

With  copper  it  forms  verdigris  (acetate  of 
copper)  ;  a  salt  well  kno\vn  in  commerce,  and  a 
violent  poison  : 

With  lead  it  forms  asalt  called  saccharum  saturni 
(acetate  of  lead),  which  is  also  a  poison  and  em- 
ployed in  the  arts: 

With  mercury,  acetate  of  mercury,  a  salt  of 
great  use  in  cases  of  Syphilis. 

We  shall  confine  ourselves  to  this  brief  ac- 
count of  the  best  known  compositions  of  the  dif- 
ferent acids  with  different  substances.  The 
number  however  might  have  been  considerably 
increased  ;  for  every  acid  may  be  combined 
with  almost  all  the  alkalies,  earths,  and  metals. 

ARTICLE  lit 

Of  Oxygen. 

We  have  already  had  occasion  to  mention 
this  substance,  for  a  knowledge  of  which   we 
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are  indebted  to  modem  chemistry.  It  has  never 
been  obtained  alone  ;  but  its  presence  and  effects  are 
now  so  well  known,  that  its  eadstence  may  be  con« 
sidered  as  demonstrated*  We  shall  here  observe 
that  almost  all  the  phenomena  exfdained  formerly^ 
by  admitting  the  agency  of  an  ideal  principle^  to 
which  the  old  chemists  gave  the  name  of  phlogiston^ 
are  now  known  to  be  pr^uced  by  a  play  of  chemical 
affinities,  iji  which  oxygen  performs  a  conspicuous 
part*  Thus,  for  example,  in  what  used  to  be 
called  the  calcination^  but  now  the  oxydation^  of 
metals,  it  was  believed  that  the  metals  parted  with 
phlogiston.  It  is  however  shewn  by  experiment, 
that  mstead  of  parting  with  any  thing,  they  receive 
an  increase  of  weight  ;  and  it  is  known  also,  by 
taking  proper  care  to  perform  the  experiments  in 
close  vessels,  that  the  air  not  only  loses  in  its 
volume,  but  suffers  also  a  diminution  of  its  weight 
equal  to  what  the  metal  has  gained.  But  besides, 
the  oxygen  may  be  again  separated  from  the  metal, 
which  yields  a  quantity  of  gas  equal  in  weight  and 
volume  to  what  had  been  taken  from  the  air  by 
the  metal. 

The  oxygen  gas,  thus  separated  from  an  oxide,  is 
found  to  be  that  part  of  the  atmosphere  which  serves 
for  respiration  ;  it  is  therefore  called  also  vital  air. 
When  a  metal,  such  as  mercury  for  example,  has 
been  converted  into  an  oxide,  by  exposure  with 
heat,  to  atmospheric  air,  in  a  close  vessel,  the  air 
which  remains  after  all  the  oxygenous  part  has  been 
taken  up  by  the  metal,  is  found  to  be  a  suffocating 
gas,  distinguished  by  the  name  of  azotic  gas.  It  is  not 
only  unfit  for  respiration,  but  incapable  of  main- 
taining combustion  ;  whereas  oxygen  gas,  which 
may  be  separated  from  the  oxide  of  mercury,  or  of 
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maRgancK»  &c,  is  better  adapted  for  promotÎDg' 
combustion  than  atmospheric  air  itself  ;  so  ihM 
many  substances,  which  will  not  inflame  in  common 
ah-,  burn  with  great  violence  in  oxygen  gas.  We 
shall  mention  one  for  the  sake  of  illustration.  If  a 
piece  of  small  iron  wire,  with  a  bit  of  lighted  tinder 
to  begin  the  combustion,  be  introduced  into  a  vessel 
containing  oxygen  gas,  it  will  bum  with  much 
p'eater  intensity  than  flax  or  cotton,  e'ven  though 
dipt  in  oil,  will  do  in  atmospheric  air. 

From  this,  and  other  considerations,  which  it 
would  be  loo  tedious  here  to  etiumerate,  it  is  inferred 
that  the  oxygen  in  calces  or  oxides,  in  acids,  and  in 
all  other  combinations,  the  gaseous  ones  excepted, 
b  in  a  concrete  state  ;  but  that  in  the  gaseous  state  it 
is  united  to  something  else,  namely  the  matter  of 
heat,  or  of  light,  or  of  both  ;  and  from  this  theory 
ihe  process  of  combustion  is-thus  explained  :  during 
the  process,  the  oxygen  of  the  oxygenous  part  of 
the  atmosphere,  unites  itself  to  the  burning  body  ; 
and  the  heat  and  light  which  were  united  with  the 
oxygen,  and  which  held  it  in  chemical  soltition,  are 
liberated,  producing  that  phenomenon  commonly 
called  burning.  The  heat  and  light  therefore  are 
not  furnished  by  the  burning  body,  but  by  the  air.  ■ 
When  carbonaceous  matters,  such  as  coals,  wood, 
&c,  are  employed  in  the  process,  a  portion  of  the 
liberated  heat  is  again  taken  up  by  a  new  gas  which 
has  been  formed,  namely  carbonic  acid  gas  or  fixed 
air,  which  we  have  already  had  occasion  to  mention*'. 

•  There  are  a  variety  of  gascs  which  all  differ  in  many  of 
.their  propprtiea  froin  comimon  air  ;  but  to  enter  upon  tfaem, 
^oula  extepd,  the  prcfeot  article  beyond  the  liniits  which 
Bust  t>e  allotted  to  it. 


ît  is  the  Same,  in  e^^ery  tespôct^  as  the  gas  that  may 
be  separated  from  liidestone  or  chalky  by  exposing  it 
to  heat.  The  matter  of  heat  or  caloric  gives  it  the 
gaseous  fbiih)  and  oxygen  communicates  td  it  its 
acid  properties.  All  acids  indeed,  as  already  men^ 
tloned,  are  indebted  for  their  acidity  to  oxygen; 
Acidifiable  bases,  fully  saturated  with  oxygen,  pro- 
duce acids;  others,  su^h  as  the  metals,  become 
oxides  ;  but  if  means  could  be  devised  to  saturate 
them  completely,  it  is  probable  they  would  all  prt^» 
duce  acids .  âoihe  of  then!  indeed  have  been  brought 
to  this  state. 

Having  had  occasion;  in  speaking  of  the  vitriolic 
acid,  to  mention  the  part  which  'oxygen  has  in  the 
formation  of  acids,  it  is  needless  to  say  any  thing 
farther  oa  that  subject. 

ARTICLE  iii; 

0/  jjinities. 

ÎT  is  also  tieCessàry  that  we  should  hisrc  say  a  ie^^ 
Word^  respecting  affinities  ;  as  they  are  a  key  which 
serves  to  explain  a  great,  number  of  chemical  cotzi'^ 
positions  and  decompositions. 

Affinity  is  the  force  with  which  two  substance^ 
tend  to  combine  and  maintain  thëinselves  in  a  statcf 
of  union,  llius,  6^  example,  if  vitriolic  acid  bc 
poured  over  chalk,  it  drives  out  the  carbonic  acidfj^ 
or  fixed  air,  before  united  td  it  ;  lays  hold  of  thd 
calcareous  earth  ;  combines  with  it,  and  forms  à 
mixture  which  is  neither  earth  nor  acid  :  but  if  fixed 
dkali,  whether  vegetable  or  mineral,  be  added  to 
the  solution,  the  calcareous  earth  will  be  expelled 
irom  its  place  ;  the  vitriolic  acid  will  seist  on  thtf 

toi.  IV.  k*t 
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fixed  alkali,  abandoning  the  former,  and  will  thus 
form  a  new  salt—  an  alkaline  sulphate. 

The  molecuUe  of  the  calcareous  earth,  and  those  of 
the  vitriolic  acid,  have  therefore  a  stronger  tendency 
to  unite,  than  those  of  the  same  earth  and  carbonic 
acid.  The  union  is  so  perfect,  that  the  fluid,  though  • 
one  of  the  ingredients  in  the  compound  be  an  earth, 
passes  through  a  filtre.  And  hence  it  appears,  that 
this  result  is  not  a  mere  division  and  interposition  of 
tbc  particles  of  the  stone,  between  those  of  the 
solvent,  as  was  supposed,  'and  is  still  believed  by 
some>  who  are  not  acquainted  with  the  principles  of 
chemistry.  But,  we  might  ask  such  persons,  why 
do  the  particles  of  iron,  dissolved  in  an  acid,  maintain 
themselves  in  the  liquor,  notwithstancHhg  their 
excess  of  specific  gravity  ?  for,  according  to  their 
philosophy,  this  is  inexplicable.  But  if  each  particle 
of  the  iron  be  united  to  each  particle  of  the  solvent^ 
the  difficulty  will  vanish  ;  and  if  we  admit  this 
principle,  and  also  an  inequality  of  force  in  the  above 
tendency,  all  the  phenomena  of  chemistry  may  be 
so  easily  explained,  that  the  existence  of  such  a  force 
in  the  particles  of  bodies  cannot  be  denied. 

Besides,  v.e  Iiave  positive  proofs  of  the  force  with 
which  polished  surfaces  adhere,  independently  of  any 
surrounding  lluid.  Nothing  then  is  more  natural, 
than  to  conceive  a  similar,  force  between  the  minute 
particles  of  bodies  :  it  will  be  sufficient  to  suppose 
them  to  have  small  facets  of  dilicrent  forms  and 
sizes,  by  wliich  they  adhere  with  a  force  that  may 
be  subject  to  very  complex  lav\s  ;  since  it  may 
depend  on  tlie  extent  of  the  facet,  the  density  and 
form  of  the  particle  ;  for  these  may  produce  a  great 
many  variations. 

These   affinities  or  tendencies   arc   indeed   very 
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unequal,  and  by  ^y  of  example  we  shall  observe, 
that  the  force,  vit)i  which  calcareous  earth  cotnbines 
with  vitriolic  .acid,  is  less  than  tliat  with  which  it 
combines,  with  any  alkali.  On  this  account  an  alkali 
inay  be  substitute  instead  of  calcareous  earth.  All 
aads,  in  general,  h^ve  moi;e  affinity  for  alkalies  than 
for.  calcareous  earths  ;  for  the  latter  than  for  metals  ; 
an3£3rson[iC'ffiecals,  dianfor  others;  which  furnishes 
an  easy  method  of  decomposing  certain  mixtures. 
In  the  course  of  this  part  we  shaU  give  a  few  curious 
and  instructive  examples. 

■  *f 

V  ARTICLE   IV. 

■     .  Solution  and  Precipitation. 

Solution  is  an  operation,  by  which  a  fluid  com- 
bines with  the  molecular  of  a  solid,  or  of  another  fluid  ; 
so  that  each  particle  of  the  one  contracts  an  adhesion 
with  each  particle  of  the  other.  This  union  or  ad- 
hesion is  produced  by  the  affinity  of  these  particles 
for  each  other  ;  because,  if  a  greater  or  less  affinity 
does  not  exist,  there  can  be  no  solution. 

Solution  does  not  consist  in  a  mere  attenuation  of 
the  body  dissolved,  and  an  interposition  of  its  mole- 
cular between  that  of  the  fluid.  When  there  is  only 
an  interposition  of  this  kind^  a  separation  sooit/takes 
place. 

Precipitation  is  effected  when  the  moleculae  of  the 
dissolved  body,  being  abandoned  by  the  solvent, 
£dl  to  the  bottom  of  the  liquor.  This  happens 
sometimes  in  consequence  of  a  mere  diminution  in 
the  force  of  the  solvent,  produced  by  diluting  it  with 
a  great,  deal  of  water  ;  but  it  is  produced,  for  the 
inost  part,  by  presenwig  to  the  solvent  some  body 
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for  yMdï  it  has  a  greater  affinity  than  for  the  hoéf 
^resL(ij  dissolved.  For  edkample,  if  a  ftxti  alkali  bé 
poiired  into  nitrous  add,  holding  in  sdtùticm  Cat- 
careous  earthy'  the  add  wiH  sd:^.  on  the  dkadi,  tiji 
îrccotint  of  its  greater  afimity,  aiid  will  abandon  ^é 
earth,  which  will  fall  to  the  bottom  of  the  vessd. 

At  other  times,  predpitàtioh  takes  pHùiè,  in  con- 
sequence of  presentiing  to  the  solution  i  body  "fcrbich; 
by  Combining  with  the  di^olVed  body;  forms  a  new 
mixtnre,  insoluMé  îri  the  soltent.  Of  thié  **e  ïiaYé 
an  example  in  the  following  operation  :  If  eàlcareùni 
earth  be  dissolved  in  nitrous  or  marine  add,  on 
pouring  into-  the  solution  vitriolic  acid,  the  latter 
will  seize  on  the  earth,  and  form  with  it  sulphate  of 
lime,  weH  kndwn  under  the  name  of  lelenite.  But 
as  selenite  is  not  soluble  in  these  adds,  nor  even  in 
water,  unless  it  be  in  ytérj  large  qôahtity,  it  falls  to 
the  bottom*  Thfe  «ame  thing  takes  pléteè  wheâ 
vitriolic  acid  is  poured  iiito  a  solution  bf  lùëtcùry  in 
nitrous  acid  :  the  particles  precipitated  form  What 
k  called  white  precipitate. 

ARTICLE  V. 

Of  Effervescence  and  Fermentation.     Difference 

between  them. 

Nothing  is  more  common  than  for  those  who 
have  but  little  knowledge  of  chemistry',  to  con- 
found these  two  phenomena  ;  which  however  are 
essentially  different:  and  it  must  be  allowed 
that,  till  within  a  few  years,  the  French  chemists 
confoundetl  these  terms,  though  they  did  not 
cônfouiid  the  operations  which  they  denotes. 

Efferve-scence  is  the  motion,  accompanied  with 


> 
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beat^  which  often  takes  place  during  a  solution 
Thus,  for  exaaiple^  when  a  little  nitrous  aci4  is 
ipQure4  over  '  copper-fiUngs  ;  or  when  vitriolic 
acid  is  poured  over  those  of  iron  ;  or  when  a 
fiiDall  quantity  of  the  same  acid  is  ppured  over 
calcareous  earth,  a  violent  eoullitiou  is  excited» 
till  the  combination  is  formed,  when  tiie  com- 
motion subsides,  and  the  liquor  becomes  trans- 
Earent.  Such,  in  a  few  words,  is  effervescence*, 
[ence  it  is  said  that  acids,  in  general,  effervesce 
with  alkalies^  with  metals,  and  with  calcar,epu^ 
earths. 

3ut  fermentation  is  entirely  different:  tt  is 
th/e  intestine  and  spontaneous  motion,  proiluced 
}n  certain  liquors,  extracted  from  vegetable 
matters;  and  which,  from  being  sweet  and  in- 
sipid, rendçf0  Ihem  spiritops  and  vinous.  Must, 
for  example,  qr  the  expr^ed  juice  of  j^rapes,  is 
not  wine  ;  Ùxtxt  is  not  a  single  drop  ot  spirit  in 
it  ;  but  when; exposed  to  a  moderate  lieat,  a  play 
.of  affinities  tajkes  place,  h^  which  the  liquor  be^ 
comes  turbid  of  itself^  is  internally  agitated, 
throws  up  bubbles,  which  are  found. to  be  fixed 
air;  aofd  wh^n  the  disengagement  of  these  bub- 
;li}es  ceases,  it  is. entirely  a  new  Ijquor,  spiritouSi 
intoxicating,  &c.  The  case  is  the  same  with 
beer,  prpducfd  by  the  fermentation  of  malt,  or 
the  strong  decoction  of  barley,  prepared  in  a 
certain  m^finen  .  Thi^,  aa  may  be  seen,  is  aq 
operation  v^ry  digèrent  from  efiervescencei  as 

^  In  this  QT^ftf  one  of  the  eases,  a)Iude4  to  ip  a  former 
flote^  is  produced,  namely,  hydrogen  ms  or  inflammable 
air.  '  It  has  die  property  of  burning  mien  once  inflamed  ; 
if  mixed  with  atmospheric  air^  and  then  set  fire  Co,  it  qi- 
plodes  like  guppowcler. 
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above  described.  When  a  person  therefore, 
speaking  on  chemical  subjects,  confounds  these 
two  words,  the  ears  of  the  enlightened  cl^emîst 
are  as  much  shocked,  as  those  of  a  philosopher 
would  be,  were  he  to  hear  abhorrence  of  a 
vacuum  employed  to  explain  any  of  the  pl^e* 
nomena  of  nature. 

ARTICLE  VI. 

Of  Crystallisation. 

Tkrs   appellation  is  giv^n  to    that   peculiar 
arrangement,  which  the   greater  part  of  salts, 
and  even  other  bodies,    afïect  to  assume,  after 
their  solution   in  a  liquid,    when   their  parts, 
brought  sufficiently  near  to  each  other  by  eva- 
poration,   dispose  themselves  in  groupes^      As 
rock   crystal  was  the  first   body  in  which  this 
regular  arrangement  was  observed,   its  name  has 
been  given  to  that,  discovered   in   many  other 
bodies,    and   particularly   salts,    by  the   subse- 
quent researches  of  chemists  and  naturalists. 
'  Dissolve  common  salt  in  water,  and  evaporate 
the  solution  to  a  certain  degree  ;  if  it  be  then 
left  at  rest  in  a  cool  place,  the  saline  particles, 
brought  near  to  each  other,  and  falling  together 
to  the  bottom  of  the  vessel,  or  attaching  them- 
selves to  the  sides  of  the  vessel,  will  form  masses, 
in  which  the  cubic  figure  will  be  easily  distin- 
guished ;  as  prisms  of  six  sides  terminating  in 
pyramids,  implanted  in  each  other,   are  distin- 
guished in  rock  crystal.     If  crystallisation  be 
promoted   at  the   surface,  by   evaporating  the 
liquid,  it  takes  place  in  the  form  of  truncated 
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square  pyramids^  composed  of  small  cubes,  heap- 
ed together  in  a  certain  order,  one  upon  the 
other;  as  has  been  shewn  by  M.  Rouelle,. who 
has  explained  the  phenomenon  "with  great  in* 
genuity. 

If  the  salt  held  in  solution  be  saltpetre,  the 
crystals  formed  .  will  be  hexagonal  prisms,  ter- 
minated by  hexagonal  pyramids. 

In  short,  each  salt  afn^cts  a  peculiar  form. 

Alum  crystalises  in  exact  octaedra,  that 
ÎS,  figures  formed  of  two  quadrangular  pyramids, 
having  a  common  square  base. 

Vitriol  of  iron  forms  crystals  which  are  ob- 
lique-angled cubes,  or  cubes  the  six  faces  of 
which  are  rhombuses  with  unequal  sides. 

The  crystals  oi  blue  vitriol  are  compressed 
dodecaedra,  the  form  of  which  cannot  be  de* 
scribed  in  a  few  words. 

Verdigrise,  or  the  salt  produced .  by  a  com- 
bination of  vinegar  and  copper,  forms  crystals 
which  are  oblique-angled  parallelopipedons. 

Crystallised  or  candied  sugar,  forms  quadran- 
gular prisms,  cut  obliquely  by  an  inclined 
plane. 

But,  as  before  observed,  there  are  a  multitude 
of  other  bodies,  besides  salts,  which  possess  the 
same  property,  of  forming  themselves  into  masses, 
and  affecting  the  same  regular  figures.  Most 
ores  and  pyrites  are  distinguished  by  their  par- 
ticular form  :  mineralised  lead,  for  exahiple,  has 
a  great  tendency  to  the  right-angled  or  oblique- 
angled  cubical  fonn.  £ven  stones,  in  such  cases, 
observe  a  certain  regularity.  The  crystals  of 
gypsum,  or  plaster  of  Paris,  are  shaped  like  the 
pojint  of  a  lance;  and  gypsum,  therefore  is  fjro* 
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pcrly  a  salt»  Calcareous  spar,  knoira  under  the 
uame  of  Ictlandic  crystal,  h  always  an  oblique- 
angled  parallelopipedon,  inclined  m  tlie  directidii 
of  its  diagonal,  and  at  determinate  angles.  In 
short,'  when  metals  cool  slowly,  their  particles  are  ' 
at  liberty  to  arrange  themselves  ih  a  regular 
form  ;  and  it  was  long  dgb  remarked  that  thî^ 
was  the  case  with  antimony,  and  has  since  be6a 
observ^-d  in  regard  to  iron,  copper,  zinc,  &c. 

As  this  phenortienon  is  ione  of  the  most  curious 
in  chemistry,  it  would  afford  matter  for  a  very 
long  article  ;  but  as  we  have  given  a  short  view 
of  the  subiect,  we  must  refer  the  reader  for 
further  information,  to  tbe  Essai  de  Cristaflc^ 
graphie  of  Rome  Deiislf ,  w|iich  appeared  in 
1772,  8vo,  and  to  t^At  Abbê HMjf^  lateivork  on 
the  sanfie  subject.      ' 

We  shall  now  give  a  series  of  chemical  experi- 
ments, which  will  be  partly  an  application  of 'the 
before-mentioned  principles,  or  which  will  ex- 
hibit curious  phenomena. 

ARTICLE  VII. 

Various  Chemical  Ejtper'unejits. 

EXPERIMENT   I. 

H(rto  a  body  of  a  comhustible  nature  may  be  con* 
finually  penetrated'  by  Jtrc  without  being  con- 
sumed.  /     .     «  »     •  ,     : 

Put  into  an  iron  box  a  piece  of  charcoal, 
eufticient  to  till  it-  ent-ifely,  and  solder  on  the 
Xià.  Iftheibox  be  then  thrown  into  the  fire,  it 
wilt  become  red,   and  it  may  even  be  left  in  it 


for  several  hoursr,  or  dayi^.  M^h  opened  i&et 
it  has  cooled^  the  charcosil  -w'Al  ht  ibudd  erttin^ 
though  therecaii 'bç  no  doubt  of  its  having -been 
penetrated  by  the  matter  of  the  fire,  a3  weU<<l 
the  whole  metal  jbf  the  bdk  irhich  contsiins  it. 

The  cause  of  this  c^e^st  is  as 'follows.  Btfott 
charcoal,  or  any'  other  combilstibie  body^  cast 
be  consumed,  oxygen  must  bâvie  acisess'to  it; 
out  the  contact  of  the  atmbs|]ihère  h  preveiSCe^ 
by  the  iron  case  being  made  quite  close. 

Hence  too  it  happens,  that  coals  covered  with 
ashes^  require  much  longer  time  to  be  consumed, 
than  if  they  were  exposed  to  the  opep  air.  This 
phenométîon^  thoueh  well  known,  cbuld  not  bé 
explained  by  any  philosopher  unacquainted  witj^ 
the  nature  and  properties  of  oxygen/         •     •     « 

HXPERIMEKT  II. 

.  «        »         •     ■        ■ 

Jpparcfit  Tranmnùtàtiàn  of  ivon  into  capper  at 

Dissolve  Wue  vitriol  ki  water,  till  the  latter-^ 
nearly  saturated';  and  imiherse  in^o  ^he^sdùtielL 
bmàTl  plates  of  ir^m,'  or  coatfeèlîlkigs  èf  th«t 
inetaL  These  siiSall  plates  :  of  iron,  orUHligif^ 
will  be  attacked  and  dîssaived  by  the  âcid^df 
the  vitriol;  while  its  cép^r  will' 'be  precipitated^ 
and  deposited  in  <he  place  of  thfe  iron  diâolvèd. 
•  If  the  bit  of  iron  jbe  too  lat^e' to  be  éfftîrdy 
dissolved;  it' 'will  be  so  coiïT{JléieIy  covered  %rith 
the  dupreous  partifcles,  that  it  >  WiU  seem  to  bé 
iconvcrtcd  iiito  Cttppier.  This  is  an  èxpertthent 
commonly  exhibited  to  those  who  virfit -copper 
inickes.    At ieast^  ^e  have  seen  4t  ^pierlbraKKf  at 
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^latrBely  in  the  Lyonnese.  A  key  iminer&ed 
some  minutes  in  .water,  coUeoted  at  the  bottom 
ftf  a  capper-mine,  was  entirely  of  a  copper  colour 
Sthcu  jdra^vTi  out. 

If  you  dissolve  mercury  in  marine  acid>  and 
înin^erse  in  it  a. bit  of  iron  ;  or  if  this  solution 
jbe.  rubbed  .oyçr  iron,  it  will  assume  a  silver 
.cplQur.  Jugglera  sometimes  exhibit  this  che- 
jDitcaJ  deception,  at  the  expenoe  of  the  credulqus 
and  ignorant  ' 

REMARK. 

In  this  case,  there  is  no  real  transmutation, 
but  merely  the  appearance  of  one.     The  iron  is 
not  converted  into  copper  ;  the  latter,   held  in 
solution   bjr  the  liquor  impregnated,  with   the 
vitriolic  acid,  h  only  deposited  in  the  place  of 
the  iron,  with  which  the  acid  becomes  charged. 
Every  time  indeed  that  a  menstruum,   holding- 
any  substance  in  solution,   is  presented  to  an- 
other substance,  which  it  can  dissolve  with  more 
facility,  if  abandons   the  former,  and  becomes 
charged  with  the  latter.    This  is  so  ccrtai^i,  that 
îwben  the  liquor  whicli  has  deposited  the  copper 
is  evaporated,    it    produces    crystals    of    green 
;vitjFiol,  which,  as  is  well  known,  are  formed  by 
the  çpmbinatidn  of  the  vitriolic  acid  with  iron. 
jAnd  this  also  is  practised  in  the  mine  before 
vnientioned.     The  liquor  in  question,    which   is 
;iK>tliing  Ijut  a  pretty  strong   solution    of  blue 
vitriol,   is   put  into  casks,    or  large  square  rc- 
^servoirs,   and  pieces  of  old  iron,  being  then  im- 
mersed in  it,   arc  at  the  end  of  some  time  con- 
.vcrtçd  into  a  sort  of  sediment,   from  Mhich  cop- 
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,  per  is  extracted.    The  liquor  thus  charged  with 
:iron  is.  evaporated  to  a   certain  degree,    ^d 
wooden  rods   are   immersed    in   it,    which  be- 
come covered  with  crystals  of 'green  vitriol. 

This  experiment  may  be  made  also  by  dissdlv- 
ing  copper  in  the  vitriolic  acid,  and  then  diluting 
the  solution  with  a  little  water.  This  is  a  new 
proof  that  the  liquor  only  deposits  the  copper 
with  which  it  is  charged. 

£XP£KIH£NT  III. 

Different  substances  successively  precipitated,  by 
adding  another  to  the  solution. 

In  the  former  experiment  we  have  seen  copper 
precipitated  by  iron  :  we  shall  now  shew  iron 
Itself  precipitated.  For  ^this  purpose,  throw  into 
a  solution  of  iron  a .  small  bit  of  zinc  ;  and  in 
proportion  as  the  latter  dissolves,  the  iron  will 
fall  to  the  bottom  of  the  vessel  :  it  may  easily  be 
known  to  be  iron,  because  it  will  be  susceptible 
of  being  attracted  by  -the  magnet 

If  you  are  desirous  to  precipitate  the  innc, 
nothing  will  be  necessary  but  to  throw  into  the 
solution  a  bit  of  calcareous  stone/  such  as  white 
marble,  or  any  other  stone  capable  of  mafct^g 
.  lime  ;  the  vitriolic  acid  will  attac)ç.  this-  new  sub- 
stance, and  suffer  to  be  deposited  at  the  bottbtn 
of  the  vessel  a  white  powder,  which  is  zinc.  - 

To  precipitate  the  lime  or  calcareous  eatth, 
pour  into  the  solution  liquid  volatile  alkali 
(spirit  of  hartshorn);  the  earth,  being  abandon- 
ed by  the  acid^  will  deposit  itself  at  the  bottom 
of  the  vessel. 
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.  Tb^eaLcftreouft  eantb  may  be.pfeoipitated  àtno, 
[gtn^  PHtph  botter,  l)y  .pauring  into  the  liquor  a 
./MtliitioiiwOf  fixed  alkaU,  such  as  fixed  vegetable 
alkali;  ; 01:  ii}y  throy/wsg  iïiïo  it  fixed  miaeial 
alkftlK;  ^ 


n     .' 


ftUfflA&K. 
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'It  is  by  a  similar  effect <that  hard  iwa^er  de* 

composes  «oap»     instead  of  dissolving   it^    and 

suffers  to  be  depQsited:  a  :greater  or  le$s  quantity 

of  calcareous  earth.      The  manner  in  whicji  (his 

^  |ak^ .f^f^e  is- as  follosvs. 

Water.iUig6n€raUis;4iaid  only  because  it  hold$ 
in  solution  selenite  or  gypsum  (a  combination  of 
y^tnolic^acid  with -caloadreoiisrearth)/ which  it  has 
(id^soiMed  iaiits^Aiass^re  ithrough  theboM^els  of 
nth'e  earth,   on;  uâiich  has  been  foni>ed  by  the 
ijVatier  fiiat^Ncoowiig' impregnated  with  vîtriohc 
;3alts>  and  afterwards  in  its  course  meeting  with 
find  dissolving  a  portion  of  calcareous  earth. 
;   .Ou  the  other  hand,  soap  is  an  artificial  com- 
bination of  fixed  alkali  with  oil,  or  with  some 
Pthergiieasy  substance,  and  which  lia ve  no  great 
(Ufinity. 

When  50ap  therefore  is  dissolved  in  water  im- 
-Ptegnjited  Afith  selenite,  the  vitriolic  acid  of  the 
-i*Wèr,.;^yîfigja  greater  tendency  to  unite  with 

irthci filled  alkali  than  with  the  calcareous  earth, 

•      •       •  •  ■ 

which <rntemintat})è  composition  of  the. selenite, 
Abandoius  tlut:e;irth,  and  combines  with  the  fixed 
.  f^lkali,  in  such  51  manner,  that  the  soap  is  decom- 
Jposed  ;  and  as  the  oil  Is  immiscible  with  water, 
it.  is  diffusjed  :  through  it  in  the  form  of  white 


or  iwoiik  44f 

âakes,  vihUt  1:1»  cakarebu'mtitli'of  tlie  teleiAte 
iklfc  to-itbc  bottorti-        .    . 

Here  we  have  a  hew  example  of  the  usef  o( 
chetmat^i  tb  acicdoot  lor  oen%m cotntMfd  tffeets 
whîe|i^é;B»xf£c8d[ihe  tortbe  philbs^phtf,  unac^ 
quainted  with  that  science. 

I  •  r  ■         *        . 

zxTiKiu-atr  iv; 

By.  the  muitmre  aftitotranmtrent  ïi^ôPi  té  prtn 
flmettbtackigh  liquor:     Methéâ^' ikaWig geei 


r 


Provide  .a  «olntion  of  jg^nïcn  ôt  térrtginoM 
vitriol,  and  an  infusion  orgàH-nuta^  or  of  any 
other  astringent  vegetable  substance,  such  as- 
oak-leaves,  well  cltrifitd  »tf4  ^filtred  ;  if  you 
then  pour  the  one  liquor  into  the  other,  the 
compound  will  iinft)ediatety  become  oh^wre,  jsttid 
at  last  black.  • 

If  the  liquor  be  snflTôried  fo'rettaîti  at  test;  the 
black  matter  suspended  in  it  will  fàli  to  tbe 
bottom,  and  leave  it  transparent. 


•  L 


<  J    •  «   ' 
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T\Ai  experiméirt  may  setve  to  exphdn  the  fortu^ 
^iou  of  commoti  ink  :  for  the  ink  we  use,  ié 
Bothîng  else  thftn  à  solution  of  green  vitriol 
mixed  with  an  ijaSktêiie»  of  gsii-nuts>  and  a?  little 
^um.  The  blackness  arises  from  the  propeirty 
which  the  gall-nuts  have  of  precipitating,  of  a 
black  or  blue  colour,  the  iroa  held  in  solulionr 
bv  the  water  impregnated  with  vitriolic  acid  ;- 
but  as^  the  iron  would  soon  fall  to  the  bottom,  it' 


> 
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is  retained  by  the  addition  di.gam»  which  gives 
to  the  water  sufficient  viscidity  to  prevent  the 
iron  from  being  precipitated. 

The  reader  j^erhaps  will  not  be  displeased  W 
find  here  the  following  recipe  fbor  making  good 
ink. 

Take  one  pound  of  gall-nuts^  six  ounces  of 
gum  arable,  six  ounces  of  green  copperas, 
and  one  gallon  of  common  water  or  beer  ; 
pound  the  gall-nut3,  and  infuse  them  in  a  gentle 
heat,  for  twenty-four  ho.urs^  without  bringing 
the  mixture  to  ebullition  ;  then  add  the  gum  in 
powder.  When  the  gum  is  dissolved,  put  in  the 
green  vitriol  :  if  you  then  strain  the  mixture, 
you  will  obtain  very  fine  ink. 

EXPERIMENT  V. 

To  produce  inflammable  and  fulminating  vapoun. 

Put  into  a  moderately  sized  bottle,  with  a 
short  and  wide  neck,  three  ounces  of  oil  or  spirit 
'  of  vitriol,  and  twelve  ounces  of  common  water. 
If  you  then  throw  into  this  mixture  at  difterent 
times,  an  ounce  or  two  of  iron  filings,  a  violent 
effervescence  will  lake  place,  and  white  vapours 
will  arise  from  it.  On  a  taper  being  presented  to 
the  mouth  of  the  bottle,  these  vapours  will  in- 
flame, and  produce  a  violent  detonation,  which 
may  be  repeated  several  times,  as  long  as  the 
liquor  continues  to  furnish  similar  vapours. 


^* 
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EXPERIMENT  VI. 

The  Philosophical  Candle. 

Provide  a  bladder,  into  the  orifice  of  which 
is  insetted  a  metal  tube,  some  inches  in  length, 
and  so  constructed,  that  it  can  be  fitted  into  tlie 
neck  of  a  bottle,  containing  the  same  mixture 
as  that  ased  in  the  preceding  experiment. 

Having  then  suifered  the  atmospheric  air  to 
be  expelfed  from  the  bottle  by  the  elastic  va- 
pour of  the  solution,  apply  to  the  mouth  of  it 
the  orifice  of  the  bladder,  after  carefully  express- 
ing from  it  the  common  air*.  The  bladder,  by 
these  means  will  become  filled  with  inflammable 
air  ;  which  if  you  force  out  against  the  flame 
of  a  taper,  by  pressing  the  sides  of  the  bladder, 
will  form  a  jet  of  a  beautiful  green  flame.  This 
is  what  chemists  call  a  philosophical  candle. 

EXPERIMENT  VII. 

To  make  an  Artificial  Volcano. 

For  this  curious  experiment,  which  enables 
ns  to  assign  a  very  probable  cause  for  volcanoes, 
we  are  indebted  to  Lemery. 

Mix  equal  parts  of  pounded  sulphur  and  irou 
filings,  and  having  formed  the  whole  into  a  paste 
wi^h  water,  bury  a  certain  quantity  of  it,  forty 

*  Great  care  must  be  taken  not  to  omit  this  precau^oo; 
for  a  mixture  of  inflammable  and  atmospheric  air  will 
plode  with  violence,  instead  of  burning. 
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or  fifty  pounds  for  example,  at  about  the  depth 
of  a  foot  Ifelow  tkc  surfibce  of  the  earth.  In  ten 
or  twelve  bçi/an  sfter,  if  the  vçather  be  xmrm, 
the  earth  iHIl  swcU  up.  and^bunt,  and  flames  will 
issue  out^  which'  will  enlarfi;e  the  aperture,  scat-* 
tering  aroand  t^ydloV  And  ofaicWish  dust  u 
•  It  Is  probable  that  what  biiere  seen  in  minia^ 
hire,  takes  place  îM-a^  grand  scale  in  volcanoea.; 
8S  It  fs  ^ell  known  that tb^  always  furnish  abund^ 
ance  of  sulphiir,  and  that  th^:  matters  they  thasaiv 
up  abound  in  metallic,  ^ndipcrhaps  femiginéus 
particles;-  for  iron  i^  the  xmy  metal  wlii'di  lijui 
the  property  of  pridducin^  an  efferrescence  idth 
sulphur,  when^they  are  mixed  tqgietber. .. 
'  But  it  may  be  easily  eonceived,  from  theefivct 
of  a  small  quantity  of  the  above  mixture^  what 
thousands  or  millions  of  pounds  of  it  Wjould  proM 
dace.  There  is  no  doubt  that  t'he  result  would  be 
phenomena  as  terrible  as  those  of  earthquâUbs» 
and  of  those  \'olcanic  eruptions  with  wliich  they 
are  generally  accompanied. 

EXPERIMENT  VIII. 

To  make  Fulminating  Gold* 

first  make  aqua  fegia,  by  mixing  four  parts 
of  spirit  of  nitre  with  one  of  sal  ammoniac.-  Put 
some  fragments  of  pure  gold  into  this  liquor, 
and  when  they  are  aidsolved;  add  to  the  liquor 
à  solution  of  fixed  alkali,  called  also  oil  of  tartar 
per  deliquium.  The  gold  will  be  precipitated  to 
Xbfe  bottom  in  the  fonn  of  a  yellow  powder,  which 
ipust  be  collected  by  pouring  off  the  supernatant 
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liquid.      If  this  powder  be  then  washed  in  waiin 
>V^ater  and  dried,  you  will  have  fulminating  gold. 

To  make  it  detonate,  put  a  very  small  quantity 
of  it  on  the  point  of  a  knife,  and  hold  it  over  the 
flame  of  a  taper  ;  as  soon  as  it  has  acquired  a 
certain  *  degree  of  heat,  the  powder  will  inflame 
with  a  terrible  explosion,  far  greater  than  that 
which  wpuld  be  produced  by  a  like  quantity  of 
gunpowder. 

Gold  prepared  in  this  manner  does  not  de- 
tonate  by  the  application  of  heat  alone  ;  mere 
touching  is  sufficient  to  produce  the  same  effect. 
We  have  seen  some  particles  of  fulminating  gold, 
which  had  got  between  the  neck  of  a  bottle  and 
the  stopper,  during  the  act  of  shutting  it,  make 
a  sudden  explosion,  so  as  to  break  the  bottle 
to  pieces,  and  wound  the  person  who  held  it. 
The  same  thing  would  infallibly  take  place  if 
this  gold  were  triturated  in  a  mortar;  or  if  one 
should  attempt  to  fuse  it,  in  order  to  reduce  it  to 
a  metallic  mass,  without  the  necessary  prépara* 
tionSi 

REMARK. 

The  cold  would  not  be  fulminating,  if  the 
a(|uaregia  were  made  by  a  mixture  ot  spirit  of 
nitre  and  spirit  of  marine  salt,  or  spirit  of  nitre 
to  which  marine  salt  had  been  added,  for  it  is 
prepared  in  all  these  ways  ;  and  if  the  gold  were 
precipitated  by  fixed  alkali  ;  in  order  to  render 
the  gold  fulminating,  volatile  alkali  must  be  ' 
united  either  with  tne  aquaregia  or  the  preci- 
pitant 

If  aquaregia,  tberefbrfr,  made  with  spirit  of 

TQL.  IV.  F  F 


426  CHEMISTRY. 

nitre  and  spirit  of  marine  salt,  be  employed  to- 
dissolve  gold,  it  must  be  precipitated  by  volatile, 
alkali.     J&y  these  means  you  will  still  obtain  ful- 
minating gold. 

To  deprive  it  of  its  fulminating  property, 
pour  over  it  vitriolic  acid^  or  a  solution  of  fixed 
alkali:  By  this  process  a  combination  is  formed 
which  destroys  in  the  gold  its  detonating  quality; 
if  it  be  then  washed,  it  will  be  found  in  a  powder, 
which  may  be  reduced  without  any  danger  by 
the  usual  means. 

EXPERIMENT   IX, 

To  make  Fulminating  Powder. 

Mix  together  three  parts  of  nitre,  two  of  well 
dried  alkali,  and  one  of  sulphur  ;  if  a  little  of 
this  mixture  be  put  into  an  iron  spoon  over  a 
gentle  fire  capable  however  of  melting  the  sul- 
l)hur,  when  it  acquires  a  certain  degree  of  heat, 
it  will  detonate  with  a  loud  noise,  like  the  report 
of  a  small  cannon. 

This  would  not  be  the  case  if  the  mixture 
were  exj^osed  to  a  heat  too  violent  ;  the  parts 
only  most  exposed  to  the  fire  would  detonate, 
and  by  these  means  the  effect  would  be  greatly 
lessened. 

If  thrown  on  the  fire,  it  wcuild  not  detonate, 
and  would  produce  no  other  cficct  than  pure 
nitre,  which  indeed  detonates  but  w^ithout  any 
explosion. 
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A  liquor  which  becomes  coloured  and  transparent 
alternately^  when  exposed  to  or  removed  from  the 
contact  of' the  external  air. 

Digest  copper,  that  is  to  say  dissolve  it  slowly 
by  means  of  a  gentle  heat,  in  a  strong  solution 
of  volatile  alkali.  As  the  solvent  attacks  the 
copper,  it  will  acquire  a  beautiful  blue  colour. 
If  you  pour  sonic  of  this  liquor  into  a  small  bottle, 
till  it  is  nearly  full,  and  then  close  it  well  with  a 
stopper,  the  colour  will  gradually  become  fainter 
and  at  last  disappear.  On  opening  the  bottle, 
the  colour  will  return  ;  and  this  alternation  may 
be  produced  as  oftea  as  you  choose. 

EXPERIMENT  XI. 

Preiended production  of  Iron. 

# 

Take  clay  or  the  ashes  of  burnt  vegetables  or 
animals,  and  draw  over  them  an  artificial  magnet. 
By  these  means  you  will  often  attract  some  par- 
ticks  of  iron,  which  will  adhere  to  the  magnet* 
You  may  then  rest  assured  that  no  iron,  in  a 
nretallic  state,  remains  in  the  earth  or  ashes. 
^  Then  mix  the  remaining  earth  or  ashes  with 
pounded  charcoal,  and  having  formed  the  mix- 
ture into  a  paste  with  linseed  oil,  put  the  whole 
into  a  crucible,  and  expose  it  to  a  red  heat  for 
some  time,  but  not  intense  enough  to  produce 
vitrification.  When  the  mass  is  cold,  and  reduced 
to  dust,  if  the  artificial  magnet  be  again  drawn 


.  » 


otvr  i^  a  great  many  iron  partWles  vill  be  at* 
tracted  by  it,  «nd  yîjl  ^(^^tg Jt 

Some  have  pretend^,togive.  thu.^itKntnèttt 
•sa  pnjof'that  lixm  teay  m;  produced  l^clay 
aodJiiu^doiL  4.c,çlebrated-chembt,  ipçinbçr 
of  thé  Academy  of  Scicncti,  even  e^tertuned 
this  idea,  notM-itlistaiuIiii^  tlie  omqsitioa  he  exr 
perieiiced  from  one  of  !its  bfother  membèrs. 
But,  in  our  opinion,  no  chemist  at  preàent  will 
sec  in  it  a  production  of  iron. 

It  M'ould  indeed  be  wjong  to  BujqWM^  after 
.  the  iron  found  at  first  by  the  magnet  has  bcQii 
rxtratTcd,  that  no  more  remaiot  in  it  TÉie, 
magnet  attracts  iron  only  in  iti  metallicitate,  or 
when  it  approaches  near  to  it  ;  but  some  still  re- 
mains in  the  state  of  an.  oxide^  and  in  this  state 
it  is  not  susceptible  of  bnèg  attracted  by  the 
magnet,  as  may  be  proved  oy  an  expeniiient 
made  on  oxide  formed  artificially  by  the  torré- 
faction of  iron,  or  on  the  rust  of  that  metal. 

Besides,  it  is  well  known  that,  of  all  the  metals, 
iron  is  that  most  miiversally  diffused  throughout 
the  earth  ;  it  is  the  cplouring, principle  of  com- 
mon  or  red  clay,  and  when  clay  is  so  coloured, 
it  "contains  iron. 

What  tlici)  is  the  effect  of  the  torréfaction  of 
clay  with  charcoal  dust  and  linseed  oil,  or  any 
other  fat  oily  body  which  has  a  strong  affinity 
for  oxygen.  Such  bodies  having  a  greater  affi- 
nity for  that  principle  than  iron  has,  by  the  aid 
of  a  proper  temperature  they  decompose  the 
exide,  and  seizing  on  its  oxygen,  leave  the  iron 
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în  a  metallic  state,  and  consequently  susceptiblb 
of  being  attracted  by  the  magnet  This  is  the 
whole  secret  of  the  operation. 

But  it  may  be  said^  what  reason  is  there  to 
think  that  these  wood-ashes  contain  iron  ?  In 
ansVver  to  this  question,  we  shall  observe,  that 
iron  being  diflFiised  in  great  abundance  through- 
out all  nature,  it  is  a  constituent  part  in  a  jereat 
many  vegetable  productions  :  in  some  of  Uiem 
it  is  found  even  in  a  metallic  state  ;  that  it  is 
susceptible  of  great  attenuation;  and  that  when 
dissolved  in  any  liquid,  it  passes  with  it^  through 
the  filtre,  at  least  in  part  Hence  it  may  easily 
ascend  with  the  sap  of  plants  ;  it  circulates  in 
the  human  body  with  the  blood  :  in  short,  some 
even  assert  that  plants  are  coloured  by  this  metal 
wiih  the  concurrence  of  light  ;  so  that  without 
iron  and  light  all  plants  would  be  entirely  whitt. 

EXPERIMENT    XII. 

JPlth  two  liquids  mixed  together^  to  form  a  solid 
bodif,  or  at  least  a  body  which  /las  consistence. 

Make  a  highly  concentrated  solution  of  fixed 
alkali,  and  another  of  nitrate  of  lime  :  if  the 
two  solutions  be  mixed  together,  there  will  be 
an  abundant  precipitation  of  a  matter  which 
will  assume  a  sort  of  solidity. 

This  phenomenon  appeared  so  wonderful  to 
the  old  chemists,  that  the  operation  by  which 
it  is  produced  was  called  the  chemical  miracle. 
There  is  however  nothing  wonderful  in  it  ;  for 
what  takes  place  is  as  follows  : 

The  two  solutions  being  mixed,  the  nitrous 
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juàd  absodoqi.  the  e^rtbi  to  t^à  on  tiie  fined 
jillûH,    and  'with  it  remuna  in  aolution  aôd 
tfuspareni  in  ihe  supernatant  liquor.   Tlieeâitlfr 
,U  then  precipitated,  and  forms  the  solid  bo^ 
which  results  from  the  tolxttire. 
.    We  shall  here  give  another  ojicration,  which  1 
.might  with, niore  justice  be  called  a  chemical  i 
flflr^cfi.    'Wc.arQ.inoehted  for  it  to  a  remark  of  I 
H>  de  LàwiQnl)^ -first  pbyudan  to  the  queen.     '^ 

,■,  ,,  ^_,,        BXMMiiaNr.iiii. 

To/orm  à  dm^inaiion;  «kipk  -.r/icn  cold  is  Ui/uid 
and  tràntperent  ;  hut  ufkicJi    uhen  irarin  be-  * 
omet' thick  and  ^^i  ' 

*  .'\  '■'.     '."".'...    ,""  I 

Put  equal,"  quantities  of 'fixed   alkali,   cither] 
mineral  or  vegrtaW*;.    ^nd   of   well  pulverised.*' 
qùick-lmiè,  into  à'sumciènt'quantity  of  water,  ' 
and  expose  it  to  a  strong  and  speedy  ebullition. 
Then  filtre  the  product,  which  at  first  will  pass 
through    with  difficulty,    but  afterwards  with 
more  ease,    and    preserve    it   in    a  bottle   well 
stopped.     This  liquor  when  made  to  lioil,  either 
in  the  bottle  or  in  any  other  vessel,   will  become 
turbid,  and  assume  the  consistence  of  very  thick 
gfue;  but  when  cold  it  will  recover  its  fluidity 
and  transparency  ;  and  this  alternation  may  be 
repeated  as  often  as  you  choose. 

M.  de  Lassonne  made  many  experiments  to 
discover  the  cause  of  this  singular  phenomenon; 
and  he  assigns  one  which  may  be  seen  in  the 
'Miminres  de  f  Académie  des  Sciences  for  1773. 
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EXPERIMENT  XIV. 

To  make  ajlashy  like  that  of  lightening^  appear  in 
a  room  J  when  any  one  enters  it  with  a  lighted 
candk. 

Dissolve  camphor  in  spirit  of  wine,  and  de- 
posit the  vessel  containing  the  solution  in  a 
very  close  room,  where  the  spirit  of  wine  must 
be  made  to  evaporate  by  speedy  and  strong 
ebullition.  If  any  one  then  enters  the  room 
with  a  lighted  candle,  the  air  will  inflame  ;  but 
the  combustion  will  be  so  sudden,  and  of  so  short 
duration,  as  not  to  occasion  any  danger. 

It  is  not  improbable  that  the  same  effect  might 
be  produced,  by  filling  the  air  of  an  apartment 
with  the  dust  of  the  seed  of  a  certain  kind  of 
lycoperdon,  which  is  inflammable  ;  for  this  seed, 
which  is  exceedingly  minute,  and  like  fine  dust, 
inflames  in  the  same  manner,  as  the  pulverised 
resin  used  for  the  torches  of  the  furies,  and  for 
representing  lightening  at  the  opera.  And  per- 
haps it  would  be  better  to  substitute  it  for  resin, 
as  it  does  nqt  produce  that  strong  smell,  which 
results  from  the  latter,  when  burnt,  and  which 
is  so  'disagreeable  to  the  spectators, 

EXPERIMENT  XV. 

Of  Sympathetic  Inks  ;  and  some  tricks  azhich  mat/  , 
be  performed  by  means  of'  them. 

Sympathetic  inks  are  certain  liquors  which 
niouc,  and  in  their   natural  state,    are  colour- 
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less  ;  but  which  by  being  mixed  with  each 
other,  or  by  some  particular  circumstance,  as^ 
same  a  certain  colour. 

Chemistry  presents  us  vith  a  great  many 
liquors  of  this  kind,  the  most  curious  of  which 
we  shall  here  describe. 

ist.  If  you  write  with  a  solution  of  green  vit- 
riol, to  which  a  little  acid  ha§  been  added,  the 
writing  will  be  perfectly  colourless  and  invisible. 
To  render  it  visible,  nothing  will  be  necessary 
but  to  immerse  the  paper  in  an  infusion  of  gall 
nuts  in  water,  or  to  draw  a  sponge  raoisteneci 
with  the  water  over  it.  Those  who  have  observed 
the  4th  experiment  may  readily  see,  that  iii 
this  case  the  ink  has  been  formed  on  the  paper, 
in  the  making  of  ink  the  two  ingredients 
are  combined  before  they  are  used  for  writings* 
here  they  are  not  combined  till  the  writing  is 
iinished  :  this  is  thd  whole  difference. 

2i\.  If  you  are  desirous  of  having  an  ink  that 
shall  become  blue,  you  must  write  with  a  solu- 
tion of  grcLH  viiflol,  iind  ntoisien  the  writing 
with  a  liquor  [)iei)ai\:cl  in  the  toilowing  manner: 

Make  tour  ounce's  of  tartar,  Hiixcd  with  the 
same  quantity  oF  nitre,  to  detonate  on  charcoal; 
then  ])ut  this  alkali  into  a  crucible  with  four 
ounces  of  dried  ox  blood,  and  cover  the  crucible 
with  a  lid,  having  in  it  only  one  snuill  aperture; 
calcine  the  mixture  over  a  moderate  fire,  till  no 
more  smoke  issues  from  it  ;  and  then  bring  the 
whole  to  a  moderate  red  heat.  Take  the  matter 
from  the  crucible  and  immense  it,  while  still  red^ 
in  two  (juarts  of  water,  where  it  will  dissolve  by 
ebullition  ;  and  when  the  liquor  has  been  re- 
duced to  one  half,  it  will  be  ready  for  use.     If 
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you  then  moisten  with  it  the  writing  above  mtn^ 
tioned,  it  will  immediately  assume  a  beautifjtil 
blue  colour.  In  this  operation,  instead  of  bUck 
inky  there,  is  formed  Prussian  bhie. 

3d.  If  you  dissolve  bismuth  in  nitrous  acid> 
and  write  >vith  the  solution,  the  letters  will  be 
invisible.  To  make  them  appear,  you  must 
employ  the  following  liquor  : 

jBoil  a  strong  solution  of  fixed  alkali  with  suU 
phur^  reducep  to  a  very  fine  powder,  until  it 
dissolves  as  much  of  it  as  it  can  :  the  result 
yrili  be  a  liquor  which  exhales  vapours  of  a  very 
disagreeable  odour^p  and  to  which  if  the  above 
writing  be  exposed,  it  will  become  black. 

4th.  But  of  ail  the  kinds  of  sympathetic  ink, 
(he  most  curious  is  that  made  with  cobalt.  It 
is  a  very  singular  pkenomenon,  that  the  cha^ 
racters  or  figures  traced  put  with  this  ink^  may 
be  made  to  disappear  and  to  re*appear  &t  plea* 
§urè  ;  this  property  is  peculiar  to  ink  obtained 
from  cobaU  :  tor  all  the  other  kinds  are  at  first 
invisible,  until  some  substance  has  been  applied 
to  make  them  appear  ;  but  when  once  they  have 
appeared  they  remain.  That  made  ^ith  cobalt 
may  be  made  to  appear  and  to  disappear  any 
number  of  times^  ai  pleasure. 

To  prepare  this  ink^  take  zafTre,  and  dissolve 
it  in  aquaregia  (nitro-muriatic  acid)  till  the  acid 
extracts  from  it  every  thing  it  can  ;  that  is  the 
metallic  part  or  the  cobalt,  which  communicates 
to  the  zaftVe  its  b|up  çplour  ;  theti  dilute  the  so* 
lution,  ;n^hich  is  very  acrid,  with  cpmmon  water. 
If  yoi/  write  with  this  liquor  on  paper,  the  cha- 
racters will  be  invisible  ;  but  wheQ  exposed  to  a 
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sufficient  degree  of  heat,  they  will  become  green. 
When  the  paper  has  cooled  they  will  disappear. 
-    It  must  however  be  observed,  that  if  the  paper 
be  heated  too  much,  they  will  not  disappear  at  alL 

REMARK. 

"With  this  kind  of  ink  some  very  ingenious  and 
amusing  tricks,  such  as  the  following,  may  be  per- 
formed. 

1st.  To  make  a  drawing  which  shall  alternately  r^- 
present  summer  and  winter. 

Draw  a  landscape,  and  delineate  the  ground  and 
the  trunks  of  the  trees  with  the  usual  colours  em- 
ployed for  that  purpose  ;  but  the  grass  and  leaves  of 
the  trees  with  the  liquor  above-mentioned.  By 
these  means  you  will  have  a  drawing,  which  at  the 
common  temperature  of  the  atmosphere  will  repre- 
sent a  winter  piece  ;  but  if  it  be  exposed  to  a  proper 
degree  of  heat,  not  too  strong,  you  will  see  the 
ground  become  covered  with  verdure  and  the  trees 
with  leaves,  so  as  to  present  a  view  in  summer. 

Screens  painted  in  this  manner  were  formerly  made 
at  ParÎ3.  Those  to  whom  they  were  presented,  if 
unacquainted  with  the  artifice,  were  astonished  to 
find  when  they  made  use  of  them,  that  the  views  they 
exhibited  were  totally  changed, 

là.    The  Magic  Oracle. 

Write  on  several  leaves  of  paper,  with  common 
ink,  a  certain  number  of  questions,  and  below  each 
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question  write  the  answer  with  the  above  kind  of 
sympathetic  '  ink.  The  same  question  must  be 
written  on  several  pieces  of  paper,  but  with  diflferent 
answers,  that  the  artifice  may  be  better  concealed. 

Then  provide  a  box,  to  which  you  may  give  the 
name  of  the  Sybil's  cave,  or  any  other  at  pleasure, 
and  containing  in  the  lid  a  plate  of  iron  made  very 
hot,  in  order  that  the  inside  of  it  may  be  heated  to  a 
certain  degree. 

Having  selected  some  of  the  questions,  take  the 
bits  of  paper  containing  them,  and  tell  the  company 
that  you  are  going  to  send  them  to  the  Sybil  or 
Oracle,  to  obtain  an  answer  ;  introduce  them  into 
the  heated  box,  and  when  they  have  remained  in  it 
some  minutes  take  them  out^  and  shew  the  answers 
which  have  been  written. 

You  must  however  soon  lay  aside  the  bits  of 
paper  ;  for  if  they  remain  long  in  the  hands  of  those 
to  whom  the  trick  is  exhibited,  they  would  see  the 
answers  gradually  disappear^  as  the  paper  becomes 
cold. 

F.X'FERIMENT    XVI. 

\ 

Of  Metallic  Vegetations. 

To  see  a  shrub  rise  up  in  a  bottle,  and  even  throw 
out  branches,  and  sometimes  a  kind  of  fruit,  is  one 
of  the  most  curious  spectacles  exhibited  by  chemistry. 
The  operation  by  which  this  delusive  image  is  pro- 
duced, has  been  called  chemical  or  metallic  vegeta- 
tion, because  performed  by  means  cf  metallic  sub* 
stances  ;  and  it  is  not  improbable  that  some  re- 
.spectable  persons,  who  thought  they  saw  a  real 
palingenesy,  have  been  deceived  by  a  similar  ardfice. 


•     . 


•    « 


•486  '         *      '  'diiieiiiftTlit. 

•  ■  » 

Mimaia  ûiâ  talf  te,  fee  feH<»»to|  W^dife  «Mk 
4brt' of  ctystaffiBMUiOKk 


HimAvt  iron  'Ali&gs  ^  spirit  of  rdtrt  ^aiqtidbMi||' 
moderately  conceutnttdl^  tffltiic  sckliftittftiiraSjéBir. 
then  pour  gradually  into  the  solution  a  iiblutiQtr^^ 
fixed  alkali,  commoriy  tnHed  ofl  tH  tmaf  per  at***'* 

Siiam*    A  'rtnmgdTcTvescffice  w01  take  place  ; 
e  kcn^  ml^tead  w  fidliatg  to  the  b^ 
iêrXL  afoerwiirda  ifse»  40  ta  to  cover  its  âit^  fbrmin^j 
a  multitude  of  n^mùteatiom  heaped  ùùe  upoa  the- 
other^  which  wilf  iomedbièt  pass  over  dte  ed|ge*ltf  ' 
the  TKssd,  aii4  q^:^  thyiieltts  tmr  the  tmCÉlli^'' 
^kitk*  âlf  Ae^aijj^rÉié^w  A  pbatt    ff  any  df  dé^ 
^^ttor  te  lyAtî  ft  '«Mit  b4  càftftdl?  colto^^ 
iie  j^gdn  put  into  ^e  rèMsd^  trfiere  it  H^  fbtAiaih 
rammcations, .  which  will  contribute  to  increase  the 
mass  of  the  vegetation. 

Two  of  these  vegetations^  copied  from  a  memoir 
of  M.  Lemery  junior,  and  inserted  among  those  of 
the  Academy  of  Sciences  for  1706,  are  represented 
pi.  8,  fig*  46.  A  very  probable  explanation  of  the 
phenomenon  may  be  found  among  those  of  1707. 

j^rbor  Dianœ,  Tree  cf  Diana. 

Thb  kind  of  vegetation  is  called  the  Tree  of  Diana, 
because  it  is  formed  by  means  of  silver;  as  the 
former  is  called  the  Tree  of  Mars,  because  produced 
by  iron.  We  shall  here  give  two  processes  for  this 
purpose,  one  of  them  by  Lemery,  and  the  other  by 
Romberg. 


ib 
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Dissolve  an  ounce  of  pure  silver,  in  a  sufficient 
quantity  of  aquafortis,  exceedingly  pure,  and  of  a 
moderate  strength,  and  having  put  the  solution  into 
a  jar,  dilute  it  with  about  twenty  ounces  of  distilled 
water.  Then  add  two  ounces  of  meicury,  and  leave 
the  whole  at  rest.  In  the  course,  of  forty  days,  there 
will  rise  from  the  mercuyy  a  kind. of  tree,  which 
throwing  out  branches  will  represent  a  natural 
vegetation. 

Should  this  process,  which  is  in  other  respects  very 
simple,  be  thought  too  tedious^  as  to  time,  the  fol* 
lowing  one  of  .Homberg  may  be  employed. 

Form  an  amalgam  of  a  quarter  t>f  an  ounce  of  very 
pure  mercury»  and  half  an  ounce  of  fine  silver  re^ 
duced  into  fiUngs  or  leaver,  that  is  to  say  mix  them 
together,  hf  trituration  in  a  porphyry  mortar,  by 
meaiiis  of  an  iron  pestle.  Dissolve  this  amalgam  ia 
foiix  ounces,  of  very  pure  nitric  acid,  moderately 
strong,  and  dilute  the. solution  in  about  a  pound  and 
a  hall  of  distilled  water,  which  must  be  stirred,  and 
then  preserved  in  a  bottle  well  stopped»  Pour  aa 
ounce  of  this  liquor  into  a  glass,  and  throw  into  it  a 
small  bit  of  an.  amalgam  of  mercury  and  silver, 
similar  to  the  former, .  and  of  the  consistence  of 
butter.  Soon  after  you  will  see  rising  from  the  bill 
of  amalgam  a  multitude  of  small  filaments,  which 
will  visibly  increase  in  size,  and  throwing  out 
branches  will  form  a  kind  of  shrubs. 

Homberg,  in  the  Memoirs  of  the  Academy  for 
1710,  gives  a  method  of  making  a  similar  vegetation, 
either  with  eold  or  silver,  in  the  dry  way  ;  that  is  to 
say  by  distillation  without  any  soludon. 

There  is  still  another  kind  of  vegetation,  men* 
tioned  by  M.  de  Morveau,  which  he  calls  Jupiter' s 
beards  because  tin  forms  a  part  of  its  composition  ; 
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the  ptMeit  fer  iuidiig  k  may  be  Mm  in  bh  JSssàis 

"^  •       • 

Nm  mnmBc  Viegttathn. 

....1         *..•.  -  ----..  .-3— - 

GhÀBeto  decrqiitMe»  43in  binrftmg 
<mnoetx>f  ^sahpetrcy  «nd  place  it  in  a  àiiary  in  4>rder  " 
that  it  outy  produce  oil  of  tartar  per  deliquium  ;  Am  ^  * 
gradually  pour  over  it»  to  complete  satutadon,  gooll'/ 
tpirit  of  :vknol,  and  evapMate  all  the  moilture.  TÈrib  ;• 
result  wiU  be  a  white,  compact/  and.very  acrid  saline  '  * 
Aiatter.    Put  this  matter  into  an  ewdicn  dish,^  and  > 
Iiaviag  poured  crm  it%  gallon  of  odd  nuer,  teàv6 
it  exposed  to  the  open-air.   ]At  the  end.  of  some'.* 
days  the  «a|er  will  ev^xiratè^  and  them  will  be    ' 
found  all  around  dieve^  ramifications  in"  the  Ibwi-  ' 
of  needles^  Tariousty  intenrôven -widi  each  odi0ç;;'< 
and  about  15  .liiies  ui  kngtlu.  When  the  water  ii«'^ 

entirely  evaporated,  'if  more  be  added'lhë  vcgetatitatt 
will  continue.      ;--■-.  ;     ••• 

It  may  be  readily  seen  that  this  is  nothing  but  the 
mere  crystallisation  of  a  neutral  salt^  formed  by  the 
vitriolic  acid  and  the  alkali  of  the  nitre  employed^ 
that  is  to  say  vitriolated  tartar. 

EXPERIMENT    XVIK 

To  produce  Heat^  and  even  Flame^  by  means  pf  two 

Cold  Liquors. 

.  Put  oil  of  guiacum  into  a  bason,  and  provide  some 
spirit  of  nitre,  so  much  concentrated,  that  a  smalt 
bottle,  capable  of  holding  an  ounce  of  water,  may  * 
contain  nearly  an  ounce  and  a  half  of  this  acid. 
Make  fast  the  bottle  containing  the  acid^  to  the  end 
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of  a  long-  stick,  and  after  taking  this  precaution 
pour  about  two  thirds  of  the  acid  into  the  oil  in  . 
the  hd&on  ;  the  result  will  be  a  strong  efferves- 
cence, followed  by  a  very  large  flame.  If  an  in- 
flammation does  not  take  place  in  the  coarse  of 
a  few  seconds,#you  have  nothing  to  do  but  to 
pour  the  reniai nder  of  the  nitrous-  acid  over  the 
blackest  part  of  the  oil  :  a  flame  will  then  cer- 
tr'iinly  be  produced,  and  there  will  remâiin,  after 
the  combustion,  a  very  large  spongy  kind  of 
charcoal. 

Oil  of  turpentine,  oil  of  sassafras,  and  eveiy 
other  kind  of  essential  oil,  may  be  made  to 
inflame  in  the  like  manner.  The  same  pheno- 
menon' may  be  produced  with  fat  oils,  such  as 
olive  oil,  nut  oil,  and  others  extracted  by  ex- 
pression, if  an  acid,  formed  by  equal  parts  of  the 
vitriolic  and  nitrous  acids  well  concentrated,  be 
poured  into  them. 

j:XPERIMENT    XVIII. 

7ê  fuse  iron  in  a  moment^  and  make  it  run  into 

drops. 

Bring  a  rod  of  iron  to  a  white  heat,  and  then 
apply  to  it  a  roll  of  sulphur  ;  the  iron  will  be  im- 
mediately fused,  and  will  run  down  in  drops. 
It  will  be  most  convenient  to  perform  this  expe- 
riment over  a  bason  of  water,  in  which  the  drops 
that  fall  do^n  will  be  quenched.  On  examina- 
tion, they  will  be  found  reduced  into  a  kind  of 
cast  iron. 

This  process  is  employed  for  making  shot  used 
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in   bunting,    ûs  the   drops,  by  falling  into  thd' 
•UTiter  naturally  assume  a  round  form* 

We  shall  here  add  two  little  experimetitt, 
merely  because  they  are  usually  given  in  books 
of  Philosophical  Recreations. 

EXPERIMENT  XlX. 

!> 

I 

To  fuse  41^  piece  of  money  in  a  rvalnut-skett^  tinthout 

injuring  the  shell.  ^ 

Bend  any  very  thin  coin,  and  having  put  it 
into  the  half  of  a  wallnut  shell,  place  the  shell 
on  a  little  sand,  in  order  that  it  may  remain 
steady.  Then  fill  the  shell  with  a  mixture  made 
of  three  parts  of  very  dry  pounded  nitre,  one 
part  of  the  flowers  ot  sulphur,  and  a  little  saw^ 
dust  well  sifted. 

If  you  then  inflame  the  mixture,  as  soon  as  it 
has  melted,  you  will  see  the  metal  completely 
fused  in  the  bottom  of  the  shell  in  the  form  of  a 
button,  which  will  become  hard  when  the  burn- 
ing matter  around  it  is  consumed.  The  shell 
employed  for  the  operation  will  have  sustained 
very  little  iuiurv.  The  cause  of  this,  no  doubt, 
is  that  the  activity  of  the  fire,  assisted  by  the  vi- 
triolic acid  contained  in  the  sulphur,  acts  with 
such  rapidity,  that  it  has  not  time  to  burn  the 
shell. 

A  small  l)all  of  lead,  closely  wrapped  up,  in  a 
bit  of  paper*,  may  be  fused  in  the  same'  manner, 
by  exposing  it  to  the  flame  of  a  candle.     The 

♦  If  the  paper  be  not  in  perfect  contact  with  the  lead,  the 
experiment  will  not  succeed. 
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pîa|)er  AurîH  not  be  hurt,  except  m  the  bottom, 
M^hefc  it  will  have  a  «mall  hole  through  which 
the  0ietal  has  run. 

EXPERIMENT  XX. 

To  split  apiece  of  money  into  two  parts. 

Fix  three  pins  in  the  table>  and  lay  the  piece 
of  money  upon  them  ;  then  place  a  heap  of  tlie 
flowers  of  sulphur  below  the  piece  of  money,  and 
another  above  it,  and  set  nre  to  them.  When 
the  flame  is  extinct,  you  will  find  on  the  upper 
part  of  the  piece  a  thin  plate  of  metal,  M'hich 
nas  been  detached  from  it. 

It  is  to  be  observed  that  the  value  of  about 
three-pence  might  be  detached  in  this  manner 
from  a  piece  of  gold  suoh  as  a  guinea,  by  em- 
ploying sulphur  to  the  value  of  fifteen  or  twenty 
pence;  so  that  this  experiment  can  never  be- 
come dangerous  to  the  public.  Besides  the  piece, 
of  money  loses,  in  a  great  measure,  the  boldness 
of  its  impression  :  those  therefore  who  might  at- 
tempt to  debase  the  current  coin  in  this  manner^ 
would  become  victims  to  their  dishonesty* 

What  we  have  said  is  sufficient  to  inspire  our 
readers  with  a  desire  to  become  better  acquaint- 
ed with  this  useful  Science.  We  shall  therefore 
point  out  to  them  a  few  works  which  will  assfst 
them  in  prosecuting  that  design.  Though  ctiie- 
mistry  has  experienced  a  complete  revolutibii 
since  the  discoveries  of  Lavoisier,  Priestley,  Blacl(^ 
Higgins,  Cavendish,  and  others,  some  useful  in- 
formation may  still  be  gathered  from  the  works 
of  the  old  chemists  :  we  therefore  hope  we  majT 
VOL»  IV.  a  Q 
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be  allowecl  to  introduce  here  Les  Elemcns  de  Chi- 
mie  Thcoreliifue  ct  Practique  of  Macquer,  3  vols. 
i2nio.  ;  the  tirst  of  which  contains  the  theoreti- 
cal, and  the  otlier  two  the  practical  part.  To 
this  work  we  may  add  the  Afamiel  de  Chbriit  of 
lïaunié,  which  contains  a  great  many  curious 
processes  useful  in  the  arts.  Bofrhaave's  Ele- 
ments of  Chemistry  were  formerly  held  in  great 
estimation;  hut  at  present  this  work  is  of  less 
value  :  it  may  however  serve  as  a  good  introduc- 
tion to  the  modern  chemistry,  fp'itgleb's  Che- 
imstnj,  translated  by  Ilopson,  though  founded 
on  the  old  theory,  may  also  be  perused  with  ad- 
vantage, by  those  who  are  desirous  of  acquiring 
a  thorough  knowledge  of  this  Science.  Also 
the  chemical  works  oflïishon  Watson.  The  best 
systems  of  chemistry,  and  elementary  works  ac- 
cording to  the  new  thf  ory,  are  those  of  Lavoisier, 
Fourcroy,  Chapial,  Grtn,  Jacçtihi,  Btiillon- 
Lagrange,  Brixson  and  Thomson.  As  books  of 
reference  we  can  recommend  ficnri/'s  Alunual 
and  Parkinson's  Chemical  Pocket  Book.  A  great 
many  curious  and  interesting  papers  on  chemis^ 
.  try  m  general,  and  its  application  to  the  art^ 
way  be  found  also  in  the  Philosophical  Mffgazitiç. 
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DISSERTATION 

On  the  Philosopher's  Stone  ;  on  Aurum  Potabile; 

and  on  Palingenesy. 

We  have  here  mentioned  the  two  most  cele- 
brated chimeras  of  the  human  mind  :  for  though 
the  quadrature  of  the  circle  in  geometry,  and 
the  perpetual  motion  in  mechanics,  have  been 
much  celebrated  also  on  account  of  the  fruitless 
attempts  made  to  solve  these  two  problems,  their 
celebrity  is  inferior  to  that  of  the  first  two  al)Ovc 
mentioned,  nearly  in  the  same  ratio  as  the  im- 
portance of  squaruig  the  circle  is  inferior  to  that 
of  acquiring  immense  riches,  or  of  rendering 
ourselves  almost  immortal.  A  great  many 
persons  therefore,  seduced  by  these  chimeras, 
h2vve  at  all  times  bestowed  incredible  labour  on 
researches  respecting  them. 

Such  is  the  character  of  the  human  mind. 


Quid  non  mortalla  pectora  cogunt^ 


Auri  sacra. famcsj  vitaeque  immensa  cupido  ! 

We  shall  therefore  here  oiFer  a  few  observa* 
tions  on  these  chemical  problems,  either  because 
they  afford  matter  which  comes  within  our  pro- 
vince, or  because  what  we  shall  sav  may  serve  as 
a  preventive  of  that  illusion  to  which  so  many 
persons  have  been  dupes. 

§.  1.  Of  the  Philosopher's  Stone. 

Tlie  philosopher's  stone,  formerly  called  the 
xrorky  by  way  of  excellence,  or  c/nysopea^  the 

*  X^G-GTriia,  auri  fiibricatio  or  gold-i 
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transmutation  of  the  base  and  imperfect  metals 
into  gold  or  silver,  has  since  time  immemorial 
been  an  object  to  which  the  attention  of  multi- 
tudes of  people,  either  versed  in  chemistry  or 
scarcely  initiated  in  the  science,  has  been  di- 
rected. The  vulgar  even  think  that  it  is  the 
sole  object  of  chemistry  ;  and  it  must  indeed  be 
allowed  that*  it  was,  in  some  measure,  the  fault  ^ 
of  those  who  first  cultivated  that  noble  branch 
Of  philosophy  :  there  were  few  of  them  who  did 
not  suffer  themselves  to  be  blinded  by  the  illu- 
sion of  attempting  to  make  gold. 

But  at  present  fewer  people  are  infatuated  with 
the  philosopher's  stone:   at  any  rate  few  of  the 
enlightened   chemists   employ   themselves   with 
the  means  of  making  gold  ;  but  there  are  still 
many    other  persons,    who  though  they  have 
scarcely  an  idea  of  the  simplest  operations  of  che- 
mistry,  waste  their  time  in  vain  attempts  to  re- 
generate that  precious  metal.     They  are  often 
seen   proceeding  at  hazard,    and  still  imagining 
themselves  on   the  point  of  succeeding  ;  in  the 
midst  of  poverty  consoling  themselves  with  the 
agreeable  idea,   that   this  inciigencc  will  be  sue* 
cccdcd  by  the  ])ossession  of  immense   treasures. 
They  call  themselves  adepts,  bccauselthcy  pretend 
to  have  reaehed  to  the  summit  of  philosophy, 
quasi  swiwiamsalncutknn  adcpti  ;  they  speak  enig- 
matieally^   and  in  an  unintelligible  manner,   be- 
cause mankind  in  general  do  not  deserve  to  pos- 
sess such  a  secnt.    Filled  with  eni])ty  pride,  they 
cast  a  sardonic  smile  of  contempt  on  the  rational 
chemists,  and  on  those  whocndeavour  to  deduce 
phenomena  iVom  clear  and  established  principles. 

We  niii^ht  say  to  the  searchers  after  the  philo- 


STON£.  445 

•opheri  stone.  Before  attempting  to  make  gold, 
first  decompose  and  re- compose  it  ;  for  if  there 
be  any  method  of  ascertaining  and  demonstrating 
the  constituent  principles  of  any  substance,  it  is 
that  of  decomposition  and  re-composition.  We 
migiit  say  also  to  those  alchemists^  Before  you 
make  for  us  the  precious  metals,  such  as  gold  and 
silver,  make  for  us  only  lead*  ;  for  before  you 
proceed  to  the  most,  difficult,  method  requires 
that  you  should  execute  the  easiest.  But  we  are 
acquainted  with  no  chemical  oi^eration,  which 
resolves  either  of  these  problems.  Gold,  as 
stubborn  in  regard  to  decomposition  as  to  com- 
position, always  remains  the  same,  in  whatever 
manner  it  be  treated  :  it  is  only  more  or  less  atte- 
nuated, but  is  never  in  the  state  of  calx.  It 
has  been  kept  for  several  years  in  fusion,  with- 
out losing  the  least  part  of  its  weight. 

But  let  us  hear  the  alchemists,  and  learn  what 
are  their  pretensions  in  regard  to  the  formation 
of  metals. 

According  to  them,  metals  are  all  formed  of 
an  earth,  which  they  call  mercurial^  but  more  or 
less  mature,  more  or  less  mixed  with  heterogene- 
ous matters  ;  so  that,  to  convert  the  imperfect 
into  perfect  metals,  nothing  is  necessary  but  to 
free  them  from  these  heterogeneous  matters,  and 
to  mature  them. 

All  this  is  very  fine;  but  who  has  proved  the 
existence  of  this  mercurial  earth?  who  has 
proved  that  the  difference  among  metals  consists 

*  Some  have  pretended  to  make  iron  ;  but  it  is  now 
proved  that,  in  the  operation  employed  for  this  purpose,  tho 
iroa  is  only  restored  to  its  metallic  form. 
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in  this  greater  or  less  maturity  ?  by  what  mcails  "" 
is  it  to  be  produced  ?  to  these  questions  no  soli^  ' 
ansH-er  can  be  given.     The  partisans  of  tliis  idea  F 
seduced  by  words,  have  no  just  and  precise  con- 
ception of  what  they  say. 

According  to  other  alchemists,  mercury  con- 
tains in  principle  all  the  perfect  metals  ;  it  has 
the  splendour  of  tlicin,  and  nearly  the  weight  ;  it 
is  even  heavier  than  silver.  If  it  is  fluid  and  ex- 
ceedingly volatile,  it  is  because  it  is  alloyed  with 
impurities  which  degrade  it.  The  question  then 
is  to  fix  the  mercury,  by  freeing  it  from  these 
impHrities.  We  should  tlicu  have  the  mercury 
of  the  philosophers,  which  would  require  only  a 
certain  degree  of  baking  to  be  brought  to  a  red 
heat,  and  the  result  would  be  gold  ;  brought  to  a. 
■white  heat,  it  would  furnish  silver  ;  nay  this 
matter  would  have  such  an  activity  on  the  ira-, 
pure  parts  of  other  metals,  that  by  throwing  a 
pinch  of  it  into  a  crucible  filled  with  melted  lead, 
]t  would  transmute  it  into  silver  or  gold,  accord- 
ding  as  it  had  been  carried  to  a  white  or  a  red 
heat.  But  the  great  matter  is,  how  to  destroy 
the  impurities  by  which  quicksilver  is  debased. 
Aristeus,  a  celebrated  adept,  teaches  us  the  pro- 
cess in  the  clearest  manner,  in  his  Code  de  Vérité. 
"Take,"  says  he,  "kingGabertin,  and  the  prin- 
cess lîeya  his  sister,  a  young  lady,  beautiful,  fair, 
and  exceedingly  delicate:  many  them  together, 
and  Gabertin  will  die  almost  immediately.  Be 
not  however  alarmed;  after  eighty  days,  Gabertin 
will  revive  from  bis  ashes,  and  become  more 
beautiful  an<i  more  perfect  than  he  iras  before 
his  death  ;  will  beget  with  Beya  a  red  cliiid, 
more  beautiful  anq   perfect  than   themselves." 
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After  this,  will  atiy  one  pretend  to  say  that  the 
alchemists  explain  theinselves  obscurely?  what 
true  adept,  for  there  are  true  and  false,  and 
every  one  thinks  himself  among  the  former,  will 
not  evidently  see  in  this  allegory  the  whole 
process  of  the  fixation  of  mercury  and  of  the 
powder  of  projection  ? 

'  This  language,  and  this  affectation  of  obscure 
allegories,  are  no  doubt  very  proper  for  making 
these  pretended  adepts  be  considered  as  finish- 
ed and  contemptible  quacks,  or  perhaps  as 
.  people  whose  brains,  have  been  deranged  by  the 
heat  of  their  furnaces.  But  the  partisans  of  their 
researches  and  follies  allege  pretended  facts  ;  and 
it  is  our  business  to  make  them  known. 

It  is  related  that  Helvetius,  a  physician  and 
celebrated  professor  in  Holland,  having  declaim- 
ed one  day  with  great  violence,  in  one  of  his 
lectures,  against  the  va,nity  and  absurdity  of  pre- 
tending to  make  gold,  was  visited  by  an  adept, 
who  gave  him  a  certain  powder,  a  pinch  of  which 
thrown'  into  a  crucible  filled  witn  melted  lead, 
would  transform  it  into  gold  :  that  the  learned 
Dutchman  did  so,  and  obtained  from  his  lead  a 
considerable  quantity  of  that  metal.  Helvetius 
then  hastenecl  to  find  the  adept  ;  but  the  latter 
had  given  him  a  false  address,  and  was  not  to 
be  found;  for  the  chemists  of  this  order  never 
fail  ,to  disappear  at  the  moment  when  they  have 
given  a  proof  of  their  profound  knowledge. 

The  same  thing  occurred,  it  is  said,  -  to   the 
emperor  Ferdinand.     An   adept   came  to  hiW 
ana  offered    to  transform    mercury  into  gold. 
Mercury  was  put  into  a  crucible  in  tlie  presence 
of  the  prince,  and  the  adept  having  performed 
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certain  operations,  a  button  of  gold  vat  found- 
in  the  bottom  of  the  veesel  But  while  those 
present  were  employed  in  examining  and  assay- 
ing the  gold,  the  adept  disappeared,  to  the  great 
regret  of  the  emperor,  who  already  l)che!d  in 
idea  the  immense  treasures  which  he  hoped  to 
obtain  by  the  acquisition  of  t4iis  j^rand  secret. 

At  the  sale  of  the  effects  left  by  M-  Geoffroy, 
in  1777,  there  were  three  nails,  which  as  it  was 
said  were  a  proof  of  the  possibility  of  at  least 
transmuting  silver  into  a  coinuion  naetal,  such 
as  iron.  They  M'ere  the  work,  as  asserted,  of  a 
celebrated  adept,  who  wished  to  prove  to  Geoff- 
roy the  .posiiibility  of  the  trafumutation  of 
metals.  One  of  these  nails  was  converted  into 
silver,  by  being  dipped  in  an  appropriate  liquor; 
the  head  of  the  other  only  having  been  dipped, 
the  rtiniaimler  of  it  was  :iron  ;  and  the  point  ot' 
the  third,  having  beea  dîpjîcd,  that  part  was 
sdver  and  the  head  iron. 

Notwithstanding  these  authorities  we  have  no 
belief  in  Ilie  pliilusopher's  str<ne.  It  is  very  pro- 
bable, that  in  all  these  pretehded  transmutations, 
there  was'  some  dÈceptiont  even  if  the  abQve 
account  were  true,  m  short,  we  shall  believe 
in  the  philosopheras  $tone  when  we  have  s«en  any 
adept  peFf(Hin  before  us  the  same  operations; 
but  he  must  permit  us  to  furnish  him  with  the 
,  crucibles,,  rods,  and  ingredients  ;  for  it  is  more 
than  probable,  that  if  gold  has  been  made  in 
«his  roamicr,  it  either  existed  in  the  matters  - 
emopioyed,  or  some  of  it  was  introduced  into 
them  by  slight  of  hand. 

However,  the  alchemists  pretend  that  all  the 
fables  of  apti^uity  are  nothing  ebe  than  tb<! 
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process  of  the  grand  work  explained  symboli- 
cally. The  conquest  of  the  golden  fleece,  the 
Trojan  war,  the  events  which  followed  it,  and 
the  whole  mythology,  are  only  emblems  of  the 
chrysopea,  prudently  veiled  by  the  ancient  phi- 
losophers, who  did  not  wish  that  their  secret, 
become  common,  should  be  employed  to  pro- 
duce an  immense  increase  of  the  precious  metals, 
which  must  then  have  lost  their  value,  and  have 
ceased  to  be  the  medium  of  commerce  among 
mankind.  The  reader  may  see,  in  a  curious 
work  by  Dom  Pemetty,  entitled  Les  Fables 
Egyptiomes  et  GrecqtieSy  3  vols.  8vo,  including 
the  Dictionnaire  Mytho^hermetique,  how  far  hu- 
man sagacity  may  be  extended,  to  find  an  ex- 
planation of  such  fables.  But  every  thing  may 
be  explained  in  the  same  manner.  We  have 
heard  of  an  adept,  in  the  Faubourg  Saint  Mar- 
ceaUy  who,  being  persuaded  that  the  whole  Ro- 
man history  was  a  fiction,  intended  to  give  a 
chemical  explanation  of  it,  which  would  serve 
as  a  supplement  to  the  Fables  Egyptiennes  et 
Grecques.  We  have  even  heard  that  the  history 
of  the  combat  of  the  Horatii  and  the  Curiatii 
was  explained  in  it,  with  an  appearance  of 
truth,  capable  of  making  us  doubt  whether  that 
famous  circumstance  in  the  Roman  history  ever 
really  took  place. 


§  II.  Of  Potable  Gold. 

If  llicrc  be  no  reason  to  think  tliat  gold  wl 
ever  be  made,  is  it  not  possible  to  employ  thi^ 
precious  metal  for  prolonging  life  ?  Gold  is  & 
metal  unalterable,  and  as  ditlicult  to  be  destroyed 
as  to  be  made  ;  it  is  the  sovereign  of  the  hï© 
tallic  world,  as  the  sun,  to  which  it  is  assinii' 
lated,  is  in  the  system  of  the  universe.  NaturCT 
therefore  must  have  concealed  in  this  valuable 
hody  the  most  useful  remedies  ;  but  to  make  it 
useful,  in  this  respect,  it  is  necessary  that  it 
should  be  introduced  into  the  body  in  a  liquid 
form  ;  it  must  in  short  be  rendered  potable:  let 
us  endeavour  tlien  to  make  potable  gold.  A  lifo 
indefinitely  prolonged  is  certainty  worth  all  th^ 
treasures  in  the  world.  Such  is  in  substance  the^ 
reasonine  of  the  alchemists,  and  therefore  they 
have  subjected  gold  to  a  multitude  of  operations, 
by  me:ins  of  which  they  have  pretended  to  ren- 
der it  soluble,  hke  a  salt  in  water.  The  sub-i 
stance  they  produce  has  indeed  the  appearance 
of  it  ;  but  to  Sjjeak  the  truth,  it  is  only  gold 
very  much  attenuated,  and  by  these  means  sus- 
pended in  the  liquid  ;  in  short,  it  is  in  no  manner 
combined  with  the  fluid,  and  it  even  gradually 
deposits  itself  at  the  bottom  in  the  metallic^ 
form. 

However,  the  following  is  a  process  for  mak- 
ing a  kind  of  potalile  gold.  We  shall  examine 
afterwards,  supposing  it  to  be  a  real  solution  of 
gold,  whether  it  would  possess  |.ro]-,erties  so 
marvellous,  and  so  salutary  to  the  human  body, 
as  is  pretended. 
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'  First  dissolve  gold  in  aquaregia  :  mix  this  so- 
lution with  fifteen  or  sixteen  times  the  quantity 
of  any  essential  oil,  such  as  that  of  rosemary, 
stirring  it  round,  and  separate  the  aquaregia, 
which  occupies  the  l)ottomy  from  the  essential 
oil.  If  you  then  dissolve  this  essential  oil  in 
four  or  five  times  its  weight  of  well  rectified 
spirit  of  wine,  you  will  have  a  yellowish  liquor, 
known  under  the  name  of  the  potable  gold  of 
Mademoiselle  Grimais. 

Vitriolic  ether,  and  ethereal  liquids  of  differ- 
ent kinds,  possess  the  same  property  as  essential 
oils  ;  namely,  that  of  seizing  on  the  gold  dis- 
solved in  the  aquaregia.  A  kind  of  potable  gold 
therefore  may  be  made  with  ether.  This  gold 
may  then  be  taken  in  drops  on  sugar,  in  the 
same  manner  as  when  ether  is  taken  ;  for  this 
liqiior  is  not  miscible  with  water. 

The  celebrated  drops  of  general  Lamotte  are 
not  different  from  the  potab^  gold  of  mademoi- 
selle Grimaldi.  It  has  been  remarked  that  one 
gros  of  gold  was  diluted  in  216  gros  of  spiritu- 
ous liquor,  and  as  the  bottles  must  have  weighed 
two  gros,  smd  as  general  Lamotte  sold  his  for 
24  livres,  it  results  that  with  one  gros  qf  gold 
he  made  at  least  108  bottles,  from  the  sale  of 
which  he  received  at  least  2592  livres.  In  re- 
ality he  made  136,  which  were  worth  to  him 
3264  livres. 

It  hence  appears,  that  if  general  Lamotte's 
drops  were  not  useful  to  the  health,  they  were 
exceedingly  useful  to  his  purse.  But  what  will 
not  quackery  effect  among  mankind,  when  sup- 
ported by  ignorance  and  the  love  of  life  ? 

But  let  us  examine  whether  there  be  any  found- 
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'•tion  for  the  «'Oiidcrful  properties  ascribetl  la 
'  potable  gold.  A  verj- 'little  reasoning  will  «bew 
that  nothing'  can  rest  on  a  sli^i^liter  louudation. 
What  proofs  indeed  can  the  akiienitsts  produce, 
that  potable  gold  is  salutary  to  the  human  body  r 
Because  gold  is  the  most  tixcd  of  all  metals,  be- 
cause it  has  the  beautiful  colour  of  tlie  sua's 
Tsys,  because  it  is  reprcaeutftl  in  cheuiicul  ch»- 
lacters  by  the  characteristic  sign  of  that  lumiD- 
rary,  arc  we  tlicncc  to  conclude  tlial,  when 
rcmiccd  to  a  liquid  form,  anj  conveyf<i  into 
the  blood,  it  regenerates  that  fluid,  renovutw 
youth,  and  restores  health  ?  What  person,  ac- 
customed to  deduce  just  consequences  from  any 
principle,  will  ever  form  such  a  conclusion  ? 
All  the  virtues  of  potable  gold  aic  founded 
merely  on  analogies,  invented  without  any 
physical  foundation,  by  fervid  imagina tio»», 
anil  i)y  heads  deranged  by  the  heat  of  their  fur- 
iiacefi.  This  is  the  most  favourabli"  opinion  that 
can  be  entertained;  for  it  is  probable  that  such 
ideas  are  as  much  connected  with  imposture,  as 
with  credulity  and  Avant  of  reasoning.- 

^.  III.  Of  Pal'uigenesy. 

Palingenesy  ia  a  chemical  operation,  by  meabs 
of  which,  a  plant,  or  an  animal,*  as  some  pre-' 
tend,  can  be  revived  from  its  ashes.  This,  if 
true,  would  no  doubt  he  one  of  the  noblest 
secrets  of  chemistry  and  philosopliy.  Ifsnuie 
authors  are  to  be  credited,  several  learned 
mfliofthe  17th  century  were  in  possession  of 
it,  but  at  present,  as  this  pretended  aecrel,  in 
conséquence  of  the  great  progress  made  ia  chC'- 
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tnistry;  IS  considered  as  a  mere  chimera^  we  shall 
here  confine  ourselves  to  examinmg  the  fpunda* 
tion  of  those  piinciples  which  have  induced  some 
respectable  ^^utbors^  such  as  the  abbé  Valleroont  * 
and  others^  to  believe  in  the  possibility  of  this 
process. 

According  to  the  honest  abbé^  nothing  is 
simpler  and  easier  to  be  explained.  We  arc  in- 
deed told,  says  he,  by  Father  Kircher^  that  the 
seminal  virtue  of  each  mixture  is  contained  Iq. 
its  salts  ;  and  these  salts,  unalterable  by  their 
nature,  Mh^n  put  in  motion  by  heat,  rise  in  the 
vessel  through  the  liquor  in  which  they  are 
diffused.  Being  then  at  liberty  to  arrange  them- 
selves at  pleasure,  they  place  themselves  in  that 
order  in  which  they  would  be  placed  by  the 
effect  of  vegetation,  or  the  same  as  they  occu- 
pied before  the  body,  to  which  they  belonged, 
had  been  decomposed  by  the  fire  :  in  short,  they 
form  a  plant,  or  the  phantom  of  a  plant,  whicn 
has  a  perfect  resemblance  to  the  one  destroyed. 

This  reasoning  is  worthy  of  an  author  who  could 
believe,  that  he  who  robs  another  of  his  pioney, 
can  exhale  corpuscles  different  from  those  ex- 
haled by  a  man  who  carries  his  own,  and  there- 
by make  the  divining  rod  turn  towards  the  places 
where  he  has  passed,  or  remained  for  some  time. 
Does  it  not  shew  great  weakness  to  believe,  that 
the  mere  immorality. of  an  action  can  produce 
physical  effects?  It  would  indeed  be  offering  ^Lfi 
insult  to  our  readers,  to  attempt  to  shew  the 
folly  and  absurdity  of  the  above  reasoning  of 
the  good"Abbé,  and  of  Father  Kircher.  ;  l^et  us 

*  See  Lff  Curiosités  de  la  Vegetation^  (5V. 
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mfeaasofheat;  Sstid  tbut  Ije  éhewe4 .  tint  woil«^ 
dcxfiil  phenomenon  to  Christina,  queen  o^  Simn- 
den,  who  vmà  highly.  4otighted  with  it  ;  but  tlpf; 
having  left  this  valuable  curiosity  one  cold  dag-. 
in  his  window,  it  was  entirely  de^trayed  by  tafi: 
finost.    Father  Schotfc  also  asserts»  that  beMijr 
this  chemical  wonder,.  wJhich,  accordiqg  to.  hit 
ftccounty  was  a  rose  nrived  ft-om  it  ashes;  aiid 
he  adds,  that  a  certain  prince  having  requestodl 
Kircher  to  make  him  ont  of  the  same  kind^  h^ 
chose  rather  to  give  up  his  own,  than  to  lepctit 
the  .opération. 

/The  process  indeed,  as  taught  by  l^ircher^  îf 
ÊO  .oamplcK  and  tedious,  that  it  would  require 
no  small  patiôioe  to  follow  it  Father  SchoU- 
relates  it  at  full  length,  in  his  work  -  entitled 
JocMeria  Haturœ  etArtiê,  and  he  calls  it  tho 
Imperial  secret,  because  the  emperor  Ferdinand 

Surchased  it  from  a  chemist,  who  gietve  it  te 
Lircher.  This  emperor  was  exceedingly  for^ 
tunate  ;  for  it  was  to  him  that  the  philosopher, 
who  had  the  secret  of  the  philosopher's  stone/ 
addressed  himself,  and  gave  a  proof  of  his  art 
by  transmuting,  as  is  sain,  in  his  presence,  three  .• 
pounds  of  mercury  into  two  pounds  and  a  half 
of  gold. 

We  must  however  content  ourselves  with 
pointing  out  the  places  where  the  curious  may 
find  this  singular  process  ;  for  besides  the  length 
of  the  description,  nothing  seems  less  calculated 
to  succeed.  Digby,  therefore,  and  many  others 
who  followed  this  method,  did  not  obtain  a 
favourable  result  ;  and  there  is  reason  to  believe 
that  their  zeal  for  palingencsy  would  induce 


them  to  emit  nothing,  that  was  likely  to  insure 
them  success. 

Dobrezensky,  of  Negropont,  has  also  givea 
a  process  for  the  resurrection  of  plants,  which 
seems  to  have  been  attended  with  no  better  suc- 
cess. We  are  at  least  told  by  F^^thcr  Schott, 
that  the  attempts  of  Father  Conrad  proved  inef- 
fectual, and  he  therefore  supposes  that  Dobrc- 
zenskv  did  not  reveal  all  the  circumstances  of 
the  process,  but  kept  the.  most  important  ta 
himself. 

What  then  can  be  said  in  opposition  to  all 
these  authorities?  In  our  opinion,  the  Polish 
physician  was  a  quack^  and  we  shall  describe 
liereafter  a  method  of  producing  a  false  palinge- 
nesy,  which  if  performed  with  art,  and  in  a 
proper  place,  may  impose  on  credulous  persons^ 
To  be  convinced  that  Dobrezensky  of  Negropont 
was  a  mere  impostor,  we  need  only  read  the 
Technica  Curiosa,  or  the  Joeoseria  Natui^  ef 
Artia  of  Father  Schott;  for  he  had  the  impu- 
dence to  pretend  that  he  could  pull  out  the  eye 
of  an  animal,  and  in  the  course  of  a  few  hour$ 
restore  it,  by  means  of  a  Uquor,  which  he  na 
doubt  sold  as  a  remedy  for  sore  eyes.  He  even 
tried  it  on  a  cock.  A  person  who  could  assert 
such  an  impudent  falsehood,  in  regard  to  one 
fact,  would  do  the  same  in  regard  to  another. 

The  authority  of  Father  Schott  will  certainly 
be  of  little  weight  with  those  who  Ijave  read  his 
works. 

In  regard  to  the  testimony  of  Kircher,  wc 
confess  that  we  find  some  embarrassment  :  a 
Jesuit  certainly  would  not  wilfully  have  told  a 
falsehood.     But  I^ircher  was.  a  mw  of  a  w&rm 
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imagination,  passionately  tbntl  of  every  thing 
singular  and  extraordinary,  and  who  had  a 
strong  propensity  to  hclicvc  in  the  marvellous. 
What  can  be  expected  from  a  man  of  that  cha- 
racter? He  often  thinks  he  sees  what  he  does 
not  SIC,  and  he  does  not  deceive  others,  be- 
cause he  is  first  deceived  himself. 

Some  persons  go  still  farther,  and  assert  that 
an  animal  maj^  he  revived  from  its  ashes.  Fa- 
ther Schott,  in  his  Physica  Curiam,  even  gives 
the  figure  of  a  sparrow  thus  revived  in  a  buttle. 
Gaffarel,  in  \\\%  Unheard  of  Curiosities,  believes 
ui  this  fact,  and  considers  it  as  a  proof  of  tlie 
possibility  of  the  general  resurrection  of  bodies. 
This  pretended  revival,  however,  is  a  chimera, 
.itiil  more  absurd  than  the  former;  and  which, 
at  present,  it  would  be  ridiculous  to  attempt 
seriously  to  refute. 

In  short,  what  reasonable  man  can  with 
Kircher  believe,  that  if  the  ashes  of  a  plant  be 
scattered  on  the  ground,  plants  of  the  like  kind 
will  spring  up  from  them,  as  he  says  he  fre- 
quently experienced  ?  Who  can  admit  as  a  truth, 
"that  if  crabs  he  burnt,  and  then  distilled,  ac- 
cording to  a  process  gi\cn  by  Digby,  there  will 
be  produced  in  the  liciuor  snuill  crabs  of  the  size 
of  a  grain  o:  millet,  which  nmst  be  nouiished 
with  ox*s  blood,  and  then  left  to  themselves  in 
siWAQ.  stivarn'^  y^^t  we  are  told  by  Sir  Kenelm, 
that  tills  hf*  himself  experienced.  It  is  therefore 
liiipoisiblc  to  cicur  him  from  the  charge  of  ini- 
po.siure,  unless  we  suppose  that  by  some  means 
or  t)thcr  he  was  led  into  error.  However,  it  is 
cert'iin  that  l^igby,  with  great  zeal  and  a  consi- 
derable share  of  knowledge,  had  a  strong  pro- 
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pensity  to  all  the  visiotis  of  the  occult  and  caba- 
listic sciences.  In  our  opinion,  he  was  one  of 
those  visionaries  known  under  the  naine  of  iîo- 
sicrusians. 

An  illusory  kind  of  Palingenesy. 

We  have  already  mentioned  a  kind  of  slight 
of  hand,  by  means  of  which,  credulous  people 
might  easily  be  imposed  on,  and  induced  to  be- 
lieve in  the  reality  of  palingenesy.  We  shall 
now  discharge  our  promise  by  describing  it. 

Provide  a  double  glass  jar  of  a  moderate  size, 
that  is,  a  vessel  formed  of  two  jars  placed  one 
within  the  other,  in  such  a  manner,  that  an  in- 
terval of  only  a  line  in  diameter  may  be  left  be- 
tween them.  The  vessel  may  be  covered  by  an 
opake  top  or  lid,  so  disposed,  that  by  turning  it 
in  different  directions,  the  inner  jar  may  be 
raised  from,  or  brought  nearer  to  the  bottom  of 
the  exterior  one.  In  the  interior  jar,  on  a  base 
representing  a  heap  of  ashes,  place  the  stem  of 
an  artificial  rose.  Into  the  lower  part  of  the  in- 
terval between  the  two  jars  introduce  a  certain 
quantity  of  ashes,  or  some  solid  substance  of  a 
similar  appearance;  and  let  the  remainder  be 
filled  with  a  composition  made  of  one  part  of 
white  wax,  twelve  parts  of  hog's  lard,  and  otae 
or  two  of  clarified  linseed  oil.  This  oily  com- 
pound, when  cold,  will  entirely  conceal  the  in- 
side of  the  jar,  but  when  brought  near  the  fire, 
if  done  with  dexterity,  it  will  dissolve,  and  by 
.  shaking  the  lid,  under  a  pretence  of  hastening 
the  operation,  the  compound  may  be  made  to 
fall  down  into  the  bottom  of  the  exterior  jar 
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The  rose  in  the  interior  one  will  then  be  seen, 
and  the  credulous  spectators,  who  muat  not  be 
^uiTered  to  ajSproath  too  near,  will  be  surprised 
and  astonished.  When  you  wish  to  make  the 
rose  disappear,  remove  the  jar.  from  the  fire,  and 
by  a  new  slight  of  hand  make  the  dissolved  semi- 
transparent  wax  flow  back  into  the  interval 
between  ih®  j^^s.  By  accompanying  this  ma- 
nœuvre witii  proper  words,  the  gaping  spectators 
will  be  more  easily  deceived,  and  will  retire 
'firmly  persuaded,  that  they  have  seen  one  of  the 
most  curious  phenomefiâ;^  that  can  be  exhibited 
by  the  united  cftbrts  of  chemistry  and  philo* 
.Sophy. 


SUPPLEMENT  I.   ^ 

Of  the  dlfTcrcnt  kbids  of  Piiosphorus,  both  iiatural 

and  artificial 

ONE  of  the  most  interesting  objects  in  cbe- 
iriistrv  is  [Uio^phorus  ;  for  it  is  a  very  singular 
and  curious  :>[KTtacic,  to  see  a  body,  absolutely 
cold,  emit  a  lii^lit  ot"  greater  or  less  vivacity,  and 

others  kiiKÎlc  vt  tlu'ji. selves,  witliout  the  aj>|>li- 
cation  ot  lire.  \\  iiat  pei5(.>n,  who  ha^  anv  taste 
fur  ihc  stiidv  ot  liature,  will  not  be  struck  wiili 
asronishnient,  on  vi<^vv  :ng  such  phenomena? 

These  [.'t)en-')me.'ia  are  the  more  remarlvxible,  as 
n^iOSt  ]>hilo'^<,*!•he!•s  have  liitherto  tailed  in  their 
attempts  to  expLiin  them.  We,  however,  ex- 
Cej)t  the  artiîicinl  kinds  of  pliosplioruS;  respect- 
inj^  v/hirh  they  have  iidvanced  things  consistent 
Vrith  probability,  and  founded  (;n  chemical 
causes  fully  established.      But,   in  rci-ard  to  ike 
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natural  kînds,  nothing  satisfacton'  has  yet  beeh 
offered.  The  explanation  of  them  depends,  no 
doubt,  on-  a  more  profound  knowledge  of  the 
nature  of  fire  and  light. 

Some  kinds  of  phosphorus  are  natural  :  others 
are  the  production  of  art,  and  particularly  of 
chcinistiT.  Hence  we  are  furnished  with  & 
natural  division  of  thi$  supplement.  We  shall 
bi  gin  with  the  natural. 

ARTICLE   I. 

Of  the  Natural  Kinds  of  Phosphorus. 

§.  I.  Of  the  Luminous  appearance  of  the  Sett. 

Though  navigators  must  have  observed  this 
]rhcnomcnon  for  many  centuries  past,  as  it  is 
common  lo  every  sea,  and  as  there  is  scarcely 
any  climate  where  it  does  not,  under  certaili 
circumstances,  present  itself,  it  appears  that  very 
little  attention  has  been  paid  to  it  till  within  a 
late  period.  Most  sea-faring  people  believed, 
that  this  light  was  merely  the  reflection  of  that 
of  the  stars,  or  of  that  of  the  vessel  itself;  others 
considering  it  as  a  real  light,  imputed  it  to  the 
collision  of  sulphur  andssalts  ;  and,  satisfied  with 
this  vague  explanation,  they  scarcely  conde- 
scended to  pay  attention  to  the  phenomenon. 

As  it  is  highly  worthy  of  profound  research, 
and  is  attended  with  very  remarkable  circum- 
stances, we  shall  here  give  a  description  of  it,  as 
it  ajipeared  to  us  on  our  passage  from  Europe  to 
(îuyana,  in  the  year  1764. 

I  do  not  recollect  that  we  beheld  the  sea  lu- 
n:i;fjus  till  our  arrival  between  the  tropics  ;  but 
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at  that  period,  and  some  weeks  before  we  reach» 
ed  land,  I  almost  constantly  observed  that  the 
ship's  wake  was  interspersed  with  a  multitude  of 
luminous  sparks,  and  so  much  the  brighter  as 
the  darkness  was  more  perfect.  The  water 
around  the  rudder  was,  at  length,  entirely  bril- 
liant ;  and  this  light  extended,  gradually  drmi- 
nishing,  along  the  whole  wake.  I  remarked 
also,  that  if  any  of  the  ropes  were  immersed  in 
the  water,  they  produced  the  same  effect. 

But  it  was  near  land  that  this  spectacle  ap- 
peared in  all  its  beauty.  It  blew  a  fresh  gale, 
and  the  whole  sea  was  covered  with  small  waves, 
which  broke,  after  having  rolled  for  soiiic  time. 
When  a  wave  broke,  a  flash  x)f  light  was  pro- 
duced ;  so  that  the  whole  sea,  as  far  as  the  eye 
could  reach,  seemed  to  be  covered  with  fire,  al- 
ternately kindled  and  extinguished.  This  fn  t.\ 
in  the  open  sea,  that  is  at  the  distance  of  50  «>r 
60  leao'ues  from  the  coasts  of  America,  luul  a 
reddish  cast.  I  luivc  made  this  rcriiaik,  because 
I  do  not  know  that  any  person  ever  ( waiuiucci 
:he  plicnomenon  which  I  am  alK)ur  to  descnlH'. 

^\  hen  we  were  in  green  water  \,    ihe  ^[.vCLu-ii: 

"•  The  wAtor  of  the  sea,  at  lo;<:(-  ni'  ùk  Ar^.r-t'c  Ov\.\^ii, 
-it  'i  ciistmce  tVom  the  cca.,t>,  is  oi  :ï  d.iik  bir.c  colour  ; 
but  near  land,  that  is  to  .^ay,  20  or  2  c  leagues  frv-^ni  tlic 
const  oi  Ciuvan.i,  tlie  water  suddenly  chanties  lis  <  olonr, 
and  hcconu's  h  beautiful  green.  This  is  a  >i,a'i  eil  beiiif: 
near  hvA.  Thi^^  ci^ar.t^c,  in  all  '^rohability>  1-  pi."^.luced  Lv 
the  mud(!yt  yel'fvnsh  watvjî  of  tl;e  river  c-,  th  ■  .Xmnzcns  ; 
for  it  is  vvell  known  that  blue  r^nd  ycii'v.'  rorni  gv-.H-n.  Vjmx 
a  remarkahie  c'n  nm>tan.:e  i\  that  tin-  ch.\î":r'"  i^  alv-...- 
hitcly  abrupt;  ir  docs  not  t.ike  plaee  bv  degree?,,  but  ^v.*^. 
d'^rdy,  and  in  an  nueival,  which  .ipp.aiod  :?  ^v.'-.\  fnj::: 
tiic  dcek  of  tl\e  v^^-el.  to  be  .caixelv  a  ioo!  i'^  •  •''•:".*. 
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changed.  The  same  fresh  gale  continued  ;  hut 
in  the  niglit  time,  Avhen  steering  an  easy  course, 
between  the  3d  and  4th  degree  of  latitude,  the 
fire  above  described  assumed  a  tone  entirely 
M'hite,  and  similar  to  the  light  of  the  moon, 
which  at  that  time  was  not  above  the  horizon, 
'file  upper  part  of  the  small  waves,  with  which 
the  whole  surface  of  the  sea  was  curled,  seemed 
like  a  sheet  of  silver  ;  while  on  the  preceding 
evening  it  had  resembled  a  sheet  of  reddish  gold. 
I  cannot  express  how  much  I  was  anîused  and 
interested  by  this  spectacle. 
,  The  following  night  it  was  still  more  beau- 
tiful ;  but  at  the  same  time  more  alarming/  in 
consequence  of  the  circumstances  under  which 
I  then  found  myself.  The  ship  had  cast  anchor 
at  a  considerable  distance  from  the  land,  waiting 
for  tlie  new  moon,  in  order  to  enter  the  harbour 
of  Cayenne.  Being  anxious  to  get  on  shore,  1 
stepped  into  the  boat  with  several  other  passen- 
gers ;  but  scarcely  had  we  got  a  league  from  the 
sh'ip,  when  we  entered  a  part  of  tlic  sea  where 
there  wcs  a  prodigious  swell,  as  a  pretty  smart 
gale  then  prevailed  at  south-east.  We  soon  be- 
held tremendous  waves,  rolling  in  our  wake, 
and  breaking  over  us.  But  what  a  noble  spec- 
tacle, had  we  not  been  exposed  to  danger!  Let 
the  reader  imagine  to  himself  a  sheet  of  silver, 
a  (juarter  of  a  league  in  breadth,  expanded  in 
an  instant,  and  shining  with  a  vivid  light.  Such 
was  the  etVect  of  these  billows,  two  or  three  of 
w  hich  only  reached  us,  before  they  broke.  This 
aas  a  fortunate  circumstance,  for  thcv  left  the 
i)ojr  half  tilled  with  water,  and,  pne  more,  by 
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i-endcriog  me  a  prey  to  the  sharks,  ' 

tainlj"  have  saved   me  from  the  trouble  oï  new 
modeliing  the  work  of  thfe  good  M.  Oziinam." 

There  is  scarcely  a  sea  in  which  tltc  pixriio- 
■  nienon  of  this  light  is  not  some!  imts  observed  ; 
but  there  are  certain  parts  where  it  is  much  more 
luminous  than  in  others.  In  geiK'ral.  it  Is  more 
80  in  warm  countries,  and  between  the  tropics, 
than  anywhere  else;  it  is  remarkably  luminous 
on  the  coasts  of  Guyana,  in  the  environs  of 
the  Cape  Verd  islands,  near  the  Maldives  and 
the  coast  of  Malabar,  where,  according  to  M. 
Godchcu  dc  Riville,  it  exhibits  a  spectacle  very  ' 
much  like  that  above  described. 

A  phenomenon  so  surprising  could  not  fail  to 
excite  the  attention  of  philosophers  j  but  tiU 
latch'  they  confined  themselves  to  vague  explan- 
ations; they  ascribed  it  to  sulphur,  to  nitre, 
and  other  things,  of  which  th«ie  is  not  a  single 
atom  in  the  sea,  and  they  then  imagined  th;it 
they  had  reasoned  well. 

M.  Vianelli,  an  Italian  philosopher,  is  the 
first  person,  it  seems,  who  endeavoured,  by  the 
help  of  observation,  to  explain  the  cause  of 
this  light;  and  he  was  thence  conducted  to  a' 
very  singular  discovery.  Observing  that  the  sea 
water,  near  Chioggia,  had  a  very  luminous  ap* 
pearance,  and  that  the  light  was  concentrated 
into  small  brilliant-  points,  he  conceived  tiie 
idea  of  examining  it  with-  a  micniscope.  liy 
these  means  he  found  that  those  luminous  point» 
■were  small  insects,  resembling  worms,  or  rather 
caterpillars,  composed  of  twelve  articulations; 
that  they  differed  from  our  luminous  wornis  iit- 


thîs  respect,  that  the  h'ght  proceeded  froin  every 
part  of  their  bodies,  and  that  when  at  perfect 
rest  the  light  ceased,  but  that  it  re-appcared 
u'hen  they  were  put  into  a  state  of  agitation.  . 
This  explains  why  certain  parts  are  made  to 
sparkle  by  the  strokes  of  an  oar,  the  dashing  of 
water  against  the  rudder,  and  the  breaking  of 
the  waves,  while  the  rest  of  the  water  remains 
dark.  ITiese  observations  were  confirmed  by 
the  Abbé  Nollet>  who  soon  after  undertook  a 
tour  to  Italv. 

It  appears  however,  that  the  insect  which  gives 
a  luminous  appearance  to  the  water  of  the  sea, 
is  not  every  where  the  same.     M.  Gode])eu  dc 
lliville,  having  observed  some  of  these  luminous 
points  in  the  Indian  seas,  between  the  JMaldives 
and  the  coast  of  Malabar,  saw  an  insect  quite 
different  from  Vianellis  worm  with  twelve  rings. 
This  insect  has  a  near  resemblance  to  that  called 
the   water  tlea,    and   is   inclosed   between    two 
transparent  shells,  somewhat  like  a  kidney  half 
open»     The  hiniinous  matter  seems  to  be  con- 
tained in  a  vessel,  which  may  be  compared  to  a 
bunch   of  ojrapes  ;    it  consists  of  small    round 
grains,  and  when  the  insect  is  pressed,  it  emits 
a  luminous  liquor.  It  then  mixes  with  the  water, 
and,  as  it  is  of  an  oily  nature,  it  collects  itself 
on  its  surface  in  the  form  of  small  round  drops. 
According    to    every    appearance,    the     insect 
suffers  this  phosplioric  li(|uor  to  escape  only  in 
conse(iuence  of  some  ;shock  or  agitation,   or  of 
other  circumstances  ;  and  hence  the  reason  why 
the  sea  is  not  luminous  except  when  agitated^ 
and  at  certain  times  more  than  others.* 

*  See  Mémoires  in  Sfàvans  itrangers^  vol.  Ilh 
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M.  Rigault  oliscrvpd,  in  the  seas  between 
Europe  and  America,  another  insect,  drfterpnt 
from  the  worm  of  \'ianclii,  or  ibe  water  flea  ol* 
M.    Godehcn,    being  rather  a  kind  of  polype, 

I  almost  spherical,  and  with  only  one  arm. 
r-  In  the  last  place,   M.    I^roy,  a  physician  of 
plontpcllicr,  ohscrvtd  in  sea  water  globules  of  a 
^oaphoric  matter,  on  which  he  made  different 
experiments,     to  ascertain   what    circumstance 
rendered   them,  himinnns,  and   by  what  pieans 
■  they  were  deprived  ot'  that  quality.    From  these 
cxpcriniCHt*  he  was  induced  to  conclude,    that 
though     Viaiulli    and    others    have,    on    good 
jïrounds,  ascribrd    the  btininous  appearance    of 
the  «ea  lo  insects,  or  to  a  liquor  i\liifh    tdev 
conlain,  and  which  tliry  eniit  on  certain  occa- 
sions, this  is  not  the  only  cause  ;  but  that  it  may 
arise  also  from  a  phosphoric  UKiller  in  the  water 
of  the  8ca,  and  which  is  protiuced  there  by  a 
peculiar  conihiiiHlion  of  tlie  priiicijilc.'i  dispersed 
throughout  it  ;  that  this  matter  is  not  always  lu- 
minous, but  becomes  so  from  diifcrcnt  causes, 
such  as  the  shock  of  the  particles  of  the  water 
against  each  orhcr,  the  contact  of  the  air,  and 
its  mixture  with  certain  liquora*. 

§  It.  OJ'  some  LumwGus  Insects. 

If  those  beings  which  we  tread  nnder  foot 
hold  a  very  low,  and,  we  might  even  say,  con- 
temptible rank  in  the  animal  kingdom  ;  nature, 
which  seems  to  observe  a  general  system  of  com- 
pensation, has  given  to  several  ot  thctn  proper- 
ties very  extraordintiry,  and  for  which  the  largest 

•  Sec  Miimirej  df.'  Sgavaru  Uran^ft! 
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tnimals  might  envy  them  :  such  is  that  of  emitting 
light,  with  which  many  of  them  are  endowed.  We 
are  acquainted  indeed  with  no  large  animal,  which 
enjoys  it  while  living  ;  but  there  are  several  insects 
which  are  luminous,  and  it  appears  that  they  can 
become  so  at  pleasure.  Of  what  utility  is  this  light 
to  them,  and  now  is  it  produced?  These  are  pro- 
blems which  we  shall  not  attempt  to  solve  ;  we  shall 
only  confine  ourselves  to  facts. 

I.  Of  ihe Glow-worm. 

Every  person  is  acquainted  with  this  small  insect» 
the  light  of  which  is  often  observed  under  the  hedges 
in  the  fine  evenings  of  summer. 

This  insect,  called  by  the  Greeks  lampyrisy  and  by 
the  Latins  ciccndula^  exhibits  nothing  remarkable  in 
its  external  appearance.  It  has  a  pretty  near  resem- 
blance to  the  sea  louse,  only  that  it  is  much  smaller, 
and  proportionally  thinner  ;  it  is  its  last  ring,  where 
the  anus  is  situated,  that  emits  the  light,  by  whic^  it 
is  distinguished  i  rom  other  animals  of  the  same  class. 
This  light  is  of  a  pale  greenish  colour,  and  the  ani- 
mal can  shew  or  conceal  it  at  pleasure.  Jt  is  sup* 
posed  that  it  is  by  this  light,  which  is  peculiar  to  the 
female^  that  it  attracts  the  male  :  the  latter  has  wings, 
and  is  destitute  of  this  luminous  quality.  This  how- 
ever is  rather  a  matter  of  conjecture,  and  is  contested 
by  Baron  de  Gecr,  a  celebrated  Swedish  naturalist, 
;n  consequence  of  some  observations  made  by  him. 

An  insect  so  r.ingular  was,  no  doubt,  worthy  of 
being  celebrated  by  the  poets  ;  and  indeed  M.  Huet, 
bishop  of  Avnmchcs,  has  made  it  the  subject  of  a 
^mall  poem,  emit  led  /  iwipyri;^  which  ig  much  e^^tccm- 
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«dlif  ÛÊcÈtmUé  ai*  ibnd  of  Latin  poetry.  '  It  hafSm 

Qw  nûfn  ptr  cnsu  ijdfiiSeirit  fteDuh  noetic  - 
SqinlMn  m  nostris  ?  Aft  ab  étherelapca  semio  • 
Aitn  cadunt»'  tachH  an  captant  frigora  frvlvis»  .^ . 

.  Si  quando  ardcaitis  cœpcnuit  tcdia  oœlt  ?  .1' 

Non  ità,  8cd  durls  fniatrà<exercita  matris 
Imperiis,  sentea  lustrât  Lampyris  opacoa. 
Si  toitè  amis&om  passk  reperiie  monile. 

.    The  poet  then  fdgnt  thit  the  nymph  Lampyri^ 
hftving  lo8t  ho*  necklace»  is  expelled  by  her  moma-s  ? 
anA  that  she  wanders  ibout  through  the  wood*»; 
sMrching  for  it  by  the  help  of  a  lantern.     Tlieéè 
ideas  were  much  ap|5Iauded  a  century  ago;  but  iNNfc'^ 
\  do  not  know  wt^etber  the  case  be  thesame  In  the ' ' 
pîeaeûtone.:  | 

t.OftèfBrtFfytfwttrmcIhiâies. 

'  Such  i$  the  luminous  insect  of  our  climates  ;  bat 
the  warmer  countries  have  been  more  favoured  by 
nature^  Their  luminous  insects  have  wings.  They 
are  found  in  Italy  after  the  Alps  are  crossed  ;  and 
they  become  more  frequent  according  as  the  tra- 
tcller  approaches  the  southern  parts  of  Italy,  They 
exhibit  a  very  cuiious  spectacle,  during  the  fine 
nights  of  summer,  when  they  are  seen  flying  about  in 
every  direction,  and  one  cannot  move  a  step  in  a 
meadow  without  observing  some  of  these  smalt  ani- 
mals, whose  route  is  marked  by  a  train  of  light.  I 
xxever  enjoyed  this  spectacle  in  Italy  ;  but  I  have 
.^een  it  in  South  America. 

It  appears  however,  that  the  fire  flies  of  Italy,  and 
those  of  America,  are  entirely  different  from  the  lu- 
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minous  insect  of  our  countries.  I  oonfess,  thit 
during  my  residence  in  America,  I  did  not  pay  much 
attention  to  them.  I  was  employed  with  occupa- 
tions of  greater  importance  ;  but  1  know,  with  cer- 
tainty, that  this  insect  emits  light  as  it  fties  abouti 
The  part  of  its  body  which  is  luminous,  seems  to  be 
concealed  by  its  wings,  or  by  the  covering  of  them, 
when  closely  applied  to  the  body.  I  have  never  seen 
a  good  description  of  this  insect,  which  has  a  great 
resemblance  to  a  common  fly. 

It  may  be  readily  conceived,  that  these  luminous 
insects  must  have  inspired  some  persons  with  the 
hope  of  obtaining  fiom  them  a  perpetual  phospho» 
rus.  Many  attem'pts  have  been  made  for  this  pur- 
pose ;  but  though  the  poster  ior  part  of  the  animal^ 
when  it  is  cut  in  two,  retains  its  light  .for  some  time, 
it  gradually  becomes  extinct  ;  and  every  effort 
hitherto  made  to  retain  it,  has  proved  fruitless.  Some 
authors  indeed  have  proposed  means  for  accomplish* 
ing  this  object  j  but  these  people  were  either  im- 
postors, or  labouring  under  a  deception  :  it  is  cer<» 
tain  that  their  pretended  means  will  npt  succeed. 

3-  Of  the  Cucuyo  of  America. 

A  valuable  acquisition  of  this  kind,  possessed  by 
America,  is  the  Cucuyo.  The  Ca:ibs  have  given 
this  name  to  a  large  beetle,  found  in  the  islands  of 
the  Gulph  of  Mexico,  and  even  in  iCiexico  itself. 
Its  luminous  quality  is  seated  in  the  eyes,  and  in  two 
parts  of  its  body  covered  by  the  sheaths  of  its  wings. 
it  is  asserted  that  five  or  six  of  these  beetles  will 
afford  a  sufficient  light  to  enable  a  person  to  walk  in 
the  darkest  night  ;,  that  the  natives  of  the  country  tie 
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them  together  alive»  and  by  these  means  form  them 
into  a  sort  of  necklaces,  to  guide  them  through  the 
woods,  and  that  they  employ  them  in  their  huts  to 
give  them  light  to  perform  their  nocturnal  labours. 
But  this  we  can  hardly  believe. 

4.  Of  the  Beetle  of  Guyana. 

A  luminous  insect,  which  had  a  great  resemblance 
to  the  Cucuyo,  and  which  perhaps  was  the  same,  was 
some  years  ago  brought  to  France  by  a  very  singu« 
lar  accident.     A  great  deal  of  wood  for  cabinet 
makers    having   been  imported  from  Cayenne,  in 
1764,  and  ihe  following  years,  a  cabinet  maker  pur- 
chased a  piece  of  it,  and  kept  it  by  him  til)  he  should 
find  use  for  it.     ïlis  wife  hearing  some  noise  one 
night,  like  the  buzzing  of  an  insect  when  flying, 
observed  soon  after  a  strong  light  adhering  to  the 
window.      Recovering  from  the  terror  which  this 
5;pect'dcle  at  first  inspired,  she  ran  up  to  it,  and  found 
;iii  insect  of  the  ccHOoptera  kind,  that  is  insects  whose 
win^^^  are  covered  by  a  sheath,    which  emitted  from 
the  posterior  parts  of  its  body  a  bright  light    that 
fllmninated  the  whole  apartîucnt.     The  insect  was 
put  into  the  hands  ot  IM.  FtHij;cioux,  who  wrote  a 
ilcMiiption  of  it,  which  was  in  cried  in  theMcnicirs 
of  thg  y\cadcmy  of  Scicncc.-i  fur  1 766. 

There  is  gieat  reason  to  think,  or  rather  it  is 
certain,  that  the  animal  had  been  brought  over  in 
the  piijce  oi  wood  in  the  state  of  nymph,  concealed 
in  some  hole;  the  time  of  ii^  dc\ elopement  being 
arrived,  it  issued  from  its  retreat,,  and  appeared 
under  the  form  of  a  beetle. 

Ji  thii  inocct  was  not  the  Cucuvo  of  ilic  .\mcricau 
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isles,  or  of  New  Spain,  it  must  be  considered  as  a 
fourth  kind  endowed  with  the  property  of  emitting 
light. 

§.  III.  Of  some  other  Phosphoric  Bodies. 

\Ve  shall  here  take  a  cursory  view  of  a  great 
number  of  other  phosphoric  bodies. 

I .  The  eyes  of  different  animals. 

As  several  animals,  such  as  the  tiger,  and  the  cat) 
which  is  only  a  tiger  in  miniature,  the  wolf,  the  fox, 
&c,  among  quadrupeds,  and  the  owl,  and  others 
among  birds,  have  been  destined  by  nature  to  search 
for  their  food  in  the  night  time,  it  was  necessary  they 
should  have  a  lamp  to  guide  them.  This  lamp  is 
contained  in  their  own  eyes  ;  for  they  are  luminous^ 
and  it  is  no  doubt  by  this  light  that  they  are  guided 
in  the  dark.  As  their  retina  is  exceedingly  sensible, 
the  light  of  their  eyes  renders  objects  to  them  suffi- 
ciently luminous.  Besides,  nature  has  favoured 
them  with  a  very  large  aperture  in  the  pupil,  so  that 
rhe  quantity  of  light  which  reaches  the  retina  is 
increitsed.  Such,  in  all  probability,  is  the  mechan- 
ism by  which  these  animals  see  in  the  night  time  : 
the  extreme  sensibility  of  their  retina  renders  the 
light  of  the  day  incommodious  to  them,  and  even 
blinds  some  of  them 

It  appears  that  these  animals  have  it  in  their 
power  to  render  their  eyes  luminous  at  pleasure* 
1  have  often  seen  those  of  a  cat»  which  I  kept, 
entirely  destitute  of  light,  while  at  other  times  they 
were  like  a  burning  coal. 

The  dog  also  is  endowed  in  some  measure  with 
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the  same  property.    I  have  several  times  seen  the 
eyes  of  that  animal  sparkle. 

In  short,  it  is  asserted,  that  some  men  also  are 
endowed  with  this  property.  Tiberius,  it  is  said, 
could  see  in  the  night  time  ;  and  the  same  thing 
is  related  of  many  others.  The  most  singular 
instance  of  this  facuhy,  is  that  of  a  hermit,  who^ 
according  to  Moschus,  in  his  F  ré  Spirituel ^  had 
never  occasion  for  a  lamp  while  reading  at  night,  or 
employed  with  any  other  occupation.  Those  who 
could  believe  such  ridiculous  tales,  would  almost 
deserve  to  be  sent  to  feed  am  asinisct  jument  is. . 

3.  Clayton^s  Diamond. 

This  diamond  was  much  celebrated  ;  and  if  it  was 
not  one  of  the  finest  of  its  kind,  this  defect  was 
more  than  compensated  by  the  singular  property  it 
possessed.     When  rubbed  in  the  dark  against  any 
dry  stuff',  or  against  the  fingers,  it  shone  with  a  faint 
whitish  light.     The  celebrated  Bo)!e  made  a  great 
manv  observations  on  this  diamond,   an  account  of 
uhich  hecommunicatedtotheRoyal  Society,  in  1668  ; 
and  he  does  not  hesitate  to  call  it  a  precious  stone, 
unique  ot   its  kind  ;  gemma  su'i  generic  unlca  ;  for  at 
that  tiir.c  no  other  was  known  wlii'jh  possessed  the 
snme  property.     We  have  however  hc;.rd  that,  since 
th;it  time,  (îther  diiimonis  have  been  ioiind,  which 
covild  be  renuered  brilliant  in  the  dark  bv  friction. 
This  sin-^iilar  diamond  w-as  purchased  by  Clharles  II. 

V\'c  shall  here  sav  a  few  wordi-  rL-^^pecrini]:  the  car- 
buncle,  which,  as  some  pretend,  shin^^s  also  in  the 
dark  ;  but  we  must  observe,  that  thi>:  property  as- 
cribed to  it,  is  absolutely  fabulous.  The  carbuncle 
is  a  ruby  ;  but  no  ruby,  nor  any  other  kind  of  j;rc- 
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clous  stone^  shines  in  the  dark  ;  and  this  supposed 
phenomenon  is  merely  a  popular  tale« 

We.  may  remark  also  that  this  light  is  not  pro- 
perly phosphoric^  but  is  of"  the  same  nature  as  electric 
light.  The  diamond  indeed  is  susceptible  of  be* 
coming  electric  by  friction  ;  its  light  is  of  the  same 
nature  as  that  emitted  by  sugar  when  grated,  and  by 
various  other  bodies  when  rubbed. 

3*  Rotten  Wood. 

It  is  not  uncommon  to  find,  in  the  forests,  pieces 
of  rotten  wood,  which  emit  ft  very  vivid  light  of  a 
white  colour,  inclining  to  blue  :  it  has  even  some- 
times happened  that  this  light  has  been  the  occasion 
of  great  terror. 

Unfortunately,  every  kind  of  rotten  wood  is  not 
phosphoric  ;  and  the  cause  which  renders  it  so  is  not 
known. 

We  must  class  also  among  the  number  of  puerile 
tales>  what  is  related  by  Josepbus,  of  a  plant  called 
Baarasy  said  to  be  luminous  in  the  dark.  This 
plant  it  is  said  cannot  be  plucked  up  without  the 
most  imminent  danger  ;  but  M'hen  the  root  of  the 
plant  has  been  loosened,  a  dog  is  tied  to  it,  and  the 
animal,  by  making  efforts  to  jom  its  master,  at  length 
tears  it  up.  Is  it  possible  that  authors  can  thus 
sport  with  the  credulity  of  mankind  ! 

We  must  place  in  the  same  rank,  what  is  related 
by  Pliny,  of  another  plant,  called  Nyctegretum^ 
which  grows,  it  is  said,  in  Gedrosia,  and 
which  when  torn  up  by  the  root,  and  dried  in 
the  sun's  rays  for  a  month,  becomes  luminous  in 
the  night  time.  This  is  not  absolutely  impossible  ; 
but  if  so,  the  plant  would  be  known  to  our  na- 
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turalists,  a^  well  as  the  Aglao-pbytis^  and  the  Lunàris^ 
to  which  the  same  property  was  ascribed,  according 
to  the  testimony  of  iElian,  When  a  circumstance  ii 
related  by  iElian,  one  may  bet  a  hundred  to  one 
that  it  is  a  fable.    . 

4.  The  Worms  in  Oysters. 

This  natural  phosphorus  was  first  remarked  by 
M.  de  la  Voye,  who  communicated  his  discovery  to 
M.  Auzout,  in  1666. 

Small  oblong  worms,  which  shine  in  the  dark, 
are  often  engendered  in  oysters.     According  to  the 
description  given  of  thetn,  some  are  as  large  as  a 
small  hair  pin,  and  about  five  or  six  lines  in  length: 
others  are  much  smatler.     He  found   also    three 
kinds  ;  the  first  with  legs  to  the  number  of  about 
twenty-five,  on  each  side:  the  second  kind  were 
red,  and  similar,  except  in  size,  to  our  common 
glow  worms  ;   the  third  were  of  a  singular  form, 
having  a  head  like  that  of  the  sole.     They  readily 
resolve,  on   the  least  touch,  into  a  viscid  matter, 
which    retains    its    luminous    property   for    about 
twenty  seconds. 

Such  are  the  observations  of  M.  dc  la  Voye,  which 
do  not  entirely  agree  with  those  ofM.  Auzout,  who 
observed  only  a  viscid  matter,  extended  in  length. 
But  it  is  10  !)c  remarked,  that  the  latter  made  his 
expcrinienu>  nnly  on  old  oysters  ;  whereas  the 
ior/ncr  j^iaJo  Iiis  on  oysters  quite  fresh. 

5.  Putrid  Flesh. 

Purr:  J  fie^:h  is  also  susceptible  of  becoming  some- 
times luminous  in  the  dark.     Lemery  says    that  a 
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great  quantity  of  àuch  luminous  flesh  was  seen  at 
Orleans,  in  1.696  ;  some  of  it  was  entirely  so  j  other 
pieces  were  luminous  qnly  in  some  points,  which 
had  the  appearance  of  small  stars.  People  were  at 
first  afraid  to  eat  of  it  ;  but  they  soon  learned  by  ex- 
perience that  there  was  no  danger,  and  that  it  was 
as  good  as  any  other.  It  was  remarked  that  in 
iso'me  butchers'  shops  the  meat  was  almost  all  lu- 
ihinoùs  ;  in  others  only  part  of  it  was  so. 

Fabricius  ab  Aquapendente  relates  the  same  thing 
oiF^a  lamh,  purchased  by  some  young  men  at  Rome. 
One  half  of  it,  which  was  left,  being  put  by,  they 
observed  in  the  evening  that  several  parts  of  it  were 
luminous.  They  immediately  sent  for  the  above 
physician,  who  having  examined  the  phenomenon 
with  attention^  observed  that  the  flesh  and  the  ht 
shone  with  a  silver  coloured  light  ;  and  that  a  piece 
of  goat's  flesh,  which  had  touched  the  lamb,  shone 
in  the  same  manner.  The  fingers  of  those  wha 
touched  it  became  luminous  also.  He  observed 
likewise  that  the  luminous  places  were  softer.  This 
phenomenon  would,  no  doubt,  be  observed  more 
frequently,  if  the  butchers*  shops,  and  places  where 
meat  are  kept^  were  oftener  visited  in  the  dark« 

6.  Diffirent  kinds  o/Fisby  or  the  Parti  ofFisb. 

But  this  phenomenon  is  most  frequently  exhibited 
by  fish;  and  their  diflferent  parts. 

It  is  generally  when  fish,  or  any  of  their  parts, 
approach  the  state  of  putre£aiction,  that  they  acquire 
this  phosphoric  property.  Leo  Alladus,  in  a  letter 
to  Fortunio  Liceti,  says  that  he  was  once  much 
frightened  by  fresh  water  crabs  thrown  into  a 
corner    by  a  çar^cps  MTVint.     He  d/sscribes  the 
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whole  of  this  adventure  at  great  lengtli  ;  but  want 
of  room  m\\  not  permit  us  to  enter  into  any  farthdt 
details  respecting  iu 

According  to  Pliny,  and  other  authors^  the  sea 
worm  is  susceptible  of  shining  in  this  manner. 
Those  who  reside  near  the  sea  coast  may  have 
an  opportunity  of  ascertaining  the  truth  of  this  fact. 

The  celebrated  Thomas  Bartholin  observed  the 
same  thing,  in  regard  to  some  polypes,  which  he 
was  dissecting  :  he  gives  this  name  to  the  fish  called 
at  present  the  cuttle  fish,  since  he  says  that  it  con- 
tains a  black  liquor,  which  may  be  employed  as 
ink.  This  light,  adds  he,  flowed  from  beneath  the 
skin,  and  was  ihe  more  abundant  the  nearer  the 
animal  approached,  to  a  state  of  putrefaction. 

We  shall  conclude  this  subject  by  mentioning 
some  experiments  of  Dr.  Beale,  inserted  in  the  Phi- 
losophical Transactions,  for  the  year  1666.  Fresh 
mackarels  having  been  boiled  in  water  with  salt  and 
herbs,  the  cock  srirring  the  water  a  few  days  after, 
ro  take  out  some  of  the  fi{>h,  libserved  that  on  the 
fir<t  nioveiiient  of  the  water  it  btcaintr  luminous,  as 
\scil  as  ihc  iiih,  which  tinitted  a  srronir  lij^ht  through 
It  :  the  wMcr  also  appeared  to  be  transparent  ; 
whereas  in  the  day  time  it  was  op;*kr. 

Drops  of  this  water  were  cxcceclii,jjly  luminous  ; 
and  whert;\cr  tliey  fell,  ihcy  Itit  a  luminous  spot, 
as  large  as  a  sixpence.  On  rubbing  the  hands  with 
it,  thev  became  eiuirelv  luii.inous. 

We  have  here  confined  ourselves  to  facts  ;  for 
nothing  farther  can  be  said  on  the  subject,  as  it  is 
difEcult  to  assign  any  probable  or  well  founded  cause 
tor  this  light.  The  globulous  matter  of  Descartes 
was  exceedingly  convenient  for  explaining  all  these 
phenomena  ;  for  it  was  sufficient  to  say,  that  putrid 


LUMINOUS    INSECTS.  477 

fermentation,  bdng  a  kind  of  intestine  motion,  this 
motion,  according  to  every  appearance,  put  in  action 
the  globulous  matter  in  ix^hich  light  consists.  But 
unfortunately  this  matter,  at  present,  is  considered 
as  a  chimera.  . 

ADDITJOM  BY  THE  FRENCH  CENSOR. 

There  are  some  inaccuracies  in  what  has  been 
before  said  in  regard  to  the  luminous  insects,  in  the 
ist,  2d,  3d,  and  4th  paragraphs  of  the  second  section. 
The  author  seems  to  have  trusted  too  much  to  his  me- 
mory, which  has  led  him  into  error,  and  not  to  have 
been  acquainted  with  every  thing  written  on  the 
subject.     We  shall  therefore  supply  this  deficiency. 

I  St.  The  male  of  the  glow  worm  is  a  winged 
insect  of  the  class  of  the  coleoptera,  or  insects  which 
have  sheaths  to  their  wings.  It  is  not  entirely 
destitute  of  the  property  of  being  luminous.  M. 
Fougeroux  says,  that  he  often  caught  in  the  dark 
some  of  these  nriales,  which  were  attracted  by  the 
light  of  the  female,  and  he  observed  that  they 
emitted  light  themselves  after  copuladon. 

2d.  The  fire  fly  of  Italy,  commonly  known  under 
the  name  of  the  lucciola^  is  not  a  fly  ;  it  is  also  an 
insect  wiih  sheaths  to  its  wings,  and  in  form  ap- 
proaches near  to  the  male  of  the  glow  worm.  At 
first  one  might  be  induced  lo  believe  that  it  is  the 
same  insect,  to  which  the  climate  has  given  the  pro- 
perty of  shining  iii  the  dark,  as  is  the  case  with  that 
of  our  country  under  certain  circumstances.  But 
there  are  some  diflfcrei  ces,  which  will  not  allow 
of  their  being  confounded  ;  and  what  seems  abso- 
lutely to  exclude  this  identity  is.  that  in  places 
where  the  lucciola  is  found,  the  coujmou  glow  worm 
is  never  seen,  though  it  exists  also  in  Italy. 


478  LUMiKotrs 

in  regard  to  the  luminous  insect  of  thé  x 
countries  of  America,  I  must  remark,  with 
author,  that  I  am  unacquainted  ^'ith  any  co 
description  of  it. 

3d.  What  has  been  said,  in  regard  to  the  li 
ous  insect  of  Cayenne,  is  not  entirely  correct  ; 
the  account  given  of  its  being  discovered  reqmi 
be  rectified.  In  the  month  ofSeptember,  1766. 
women,  in  the  Faubourg  SainuAntoiney  saw 
insect  in  the  evening  flymg  through  the  air,  Ij 
stream  of  Kght,  and  at  length  settle  on  a  win< 
They  at  first  thought  that  it  was  one  of  those  fe 
stars  so  common  during  the  summer  nights  ;  b 
the  light  cotttinued,  they  went  to  inform  th< 
cupiers  of  the  house  against  which  the  ai 
rested.  It  was  caught,  and  given  to  M,  Fougcr 
in  order  that  he  might  examine  it.  That  it  i 
from  Cayenne  was  only  conjecture  j  but  by 
paring  it  with  the  insects  of  that  country,  it  ap 
<:  J  to  be  an  inhabitant  of  the  same  or  a  neighl 
vA'j  clinia:e.  It  was  a  coleoptera,  known  unde 
ivwwj  of  marcschaU  and  of  the  class  of  those  w 
V.  rjii  placed  on  their  back,  dart  into  the  air  1 
s;)r:r.g  which  unbends  itself:  on  this  account  i 
been  distii:5r'ji:hLd  by  the  name  of  e'ater. 
i.isccr  is  an  inch  and  a  half  in  length;  its  lig 
rontaincd  in  two  elongated  protuberances,  p: 
on  the  jîosrcrior  and  lateral  part  of  its  corselet 
ti::it3  light  also  in  certain  positions,  by  the  se 
tion  of  its  body  from  the  corselet;  and  in  all  pi 
bility  by  that  of  the  rings  of  its  body  from 
Oliver,  This  light  is  of  a  beautiful  green  co 
and  of  such  strength  that  if  the  insect  be  put  ii 
paper  cornet,  one  can  sec  to  read  the  smallest 
racter^byit,  at  the  distance  of  some  inches. 
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insect  is  found  also  ia  J^unaica,  an4  h?s  been  de- 
scribed by  Brown,  uader  the  denomination  of  elater 
major  fuseus  pbosphoriais.  Another  smaller  kind 
of  phosphoric  ây  is  fpund  in  Jamaica,  and  also  in 
SiUAt  Pomingo. 

4tb.  What  the  authoy  says  of  thq  cucuyo  of  Ame- 
rica, that  it  emits,  light  from  Us  eyes  and  two  parts 
abpve  the  sheaths  of  its  wings,  is  not  correct.  It 
i$  possible  that  travellers,  unacquainted  with  natural 
history,  who  bave  spokea  of  it,  may  not  have  exa* 
Qiined  it  with  attention»     . 

5th.  There  are  ^pme  pther  luminpus  insects, 
which  the  author  has  not  m^ntionied.  The  lantern- 
bearer  or  acudiaj  which  Rçauniur  places  in  the  class 
of  thQ  prthcigalesy  (^cicada  spumaria,)  or  a  class  which 
approaches  near  to  that  of  the  cigalet^  (grasshopper,) 
the  viellçur  beetle  of  Surins^m  ;  like  *  the  author,  we 
afe  unacquainted  with  any  descriptipn,  sufficiently 
correct,  to  enable  us  to  determine  in  what  they 
differ  from  the  mcwfOy  and  from  each  pther.  Such 
also  is  the  lantern-bearer  of  China»  described  by 
Linnaeus,  in  the  Transactions  pf  thç  Academy  of 
Stockholm  ;  but  as  the  anin^al  was  dead>  that  learned 
naturalist  had  no  opportunity  of  ascertaining  what 
part  of  it  is  luminous  ;  he  suspects  it  is  the  probos- 
cis, which  does  not  appear  improbable.  There  is  also 
an  insect  of  the  sam^e  kind  in  Madagascar,  known 
under  the  name  of  hesecherchcy  which  shines  in  the 
night-time.  But  we  have  i^ever  seen  a  description 
of  it. 

6th.  Clayton's  diamond  was  long  cpnsidered  to 
be  the  only  onç  which  had  the  property  pf  shiniQg 
in  the  dark.  But  M.  Dufay  found,  by  a  great  num- 
ber of  experiments  made  on  different  diamonds,  that 
several  of  them  possessed  the  same  property  ;  though 
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he  vas  not  abk  to  dncorer  die  cause,  why  aome  of 
them  potietted  it,  ^rfiile  odien  were  destitute  of  it. 
Beocaii,  a  celebrated  philosopher  of  Bologna,  made 
at  the  same  time  nmilar  experiments,  which  confirm 
the  discovery  of  I>u£q^.  This  phUosopher  fbond 
that  the  cbm  of  phoq^iofic  homes  is  much  more 
considerable  than  is  eommonly  supposed,  and  it 
follows  fifom  his  eiqieriraents,  that  the  pho^horic 
bodies  which  hare  chiefly  attracted  the  attmtion  ci 
jdiilosophers»  did  so^  not  on  account  of  that  proper- 
ty maintaining  itself  for  a  longer  time,  but  because  a 
very  great  number  of  bodies  appear  luminoua  to 
an  eye  immersed  in  profeimd  obscurity,  when  tfa^ 
are  qieedily  remored  from  the  l^ht  to  a  place  of 
darkness. 

7th.  The  sea  worms  or  borers  possess  this  proper* 
ty  inan  eimnemdq;ree)  not  when  thef  approach  to 
a  state  of  puQ:dactimi,  as  has  been  bemre  said,  bat 
when  living  and  fresh,  so  as  to  be  fit  fior  eating. 
The  observations  of  Beccari,  Monti,  and  Calcati 
of  Bologna,  on  these  marine  fish»  are  very  old  ;  and 
they  confirm  and  illustrate  what  has  been  said  by 
Pliny  on  the  same  subject*. 

ARTICLE    II. 

Artificial  kinds  of  Phosphorus. 

What  nature  produces  under  certain  circum- 
stances,  art  assisted  by  observation  has  found  means 
to  imitate,  in  the  artificial  kinds  of  phosphorus. 
lyUt  before  we  explain  these  curious  operations»  we 

•  Sec  a  Memoir  of  M.  de  Reaumur  on  the  same  subject. 
Àftn.\  di  FAcad*  1723. 
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must  makç  a  distinction  which  the  modern  che- 
nijsts  have  introduced,  and  which  is  necessary. 

The  appellation  phosphorus  is  still  given  to 
those  bodies  which  emit  light  without  any  sensi- 
ble heat  ;  but  when  a  body  emits  light,  and  at 
the  same  time  infianies  of  itself,  when  exposed  to 
the  air,  it  is  called  pyrophorus.  Hence  we  say 
the  pyrophorus  of  Homberg,  to  denote  that  com- 
position of  alum  and  animal  or  vegetable  matter 
which  takes  fire  when  exposed  to  the  air.  The 
English  phosphorus  is  both  phosphorus  and  py- 
rophorus ;  for  when  exposed  to  the  air  in  a  mass, 
it  bums,  and  consumes  like  sulphur,  of  which  it 
is  a  singular  species,  but  very  much  attenuated  ; 
and  when  mixed  with  a  liquor  it  becomes  lumi-^ 
nous,  without  heat. 

§.  I.  Phosphoric  experiment:  or  liaw  to  burn 
^unpofwder  tcithofit  an  explosion. 

Expose  a  towel  or  cloth  to  a  strong  heat,  till 
it  becomes  very  hot,  and  carry  it  into  a  dark 
place.  While  it  is  cooling,  throw  upon  it,  from 
time  to  time,  some  grains  of  gunpowder,  which 
at  first  will  inflame.  Leave  it  to  cool  a  little, 
till  the  powder  no  longer  detonates.  If  you  then 
cover  it  with  powder,  the  latter,  when  it  acquires 
the  sanie  heat  as  the  cloth,  will  emit  in  the  dark 
a  faint  light  or  weak  flame,  which  will  consume 
all  the  sulphur,  without  causing  the  nitre  to 
detonate. 

It  is  hence  seen,  that  common  sulphur  is  su- 
sceptible of  two  combustions,  one  gentle  and 
calm,  which  is  not  capable  even  of  kindling  the 
charcoal,   otherwise  the  nitre  would  detonate; 
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and  the  other  violent,  uhtcli  burns  and  kindles 
such  combuâtible  bodies  as  are  in  contact  with  it. 

§  II.  Of  the  bologna  Sionc. 

Thi8  kind  of  phosphorus  is  called  the  Bolog^na 
stone^  because  first  made  from  a  stone  found 
only  at  the  bottom  of  mount  Paterno,  near  that 
city.  A  shoemaker,  named  Vincenzo  Casciarolo, 
was  tlic  first  who  observed  the  property  which 
these  stones  have,  of  shining  iu  the  dark,   after 
they  have  been  calcined.     He  was  employed  ou 
the  grand  work,  as  it  was  called,  and  from  the 
brilliant  appearance  of  these  stones^  he  conceived 
an  idea  that  they  contained    either  mçt^l^,    or 
some  principle  by  >Yhich  he  should  obtain  what 
he  was  in  quest  of.     He  therefore  brought  them 
to  a  red  heat  in  a  crucible,  and  having  after- 
wards carried  them  into  a  dark  place,  he  was 
struck  by  their  luminous  appearance,  and  pul>- 
lishal    an  account  of  his  discovery.     This  phos- 
])h()rus  is  made  by  the  modern  clieniists  in  tlic 
I'ollowinir  manner. 

Thev  lake  one  of  tlusc    ^toncs,    and    havinir 
freed  it  from  all  Us  heterogeneous  j>art.s,  lilc  it 
all  rovind  M'itli  a  large  liie,   in   order  to  ol.'tain  a 
eertaiu    quantity    of  dust.     Tiicy  liun    dip   the 
stone  in  tlie  \shite  cr'  an  egi::,  ^1**1  ^^'"  i^  in  tlic 
dust,    until    it    be    enlireiy    covered    v/ith    it   to 
a  eert.iin   depth.      M'iicn  the  stone  is  dry,   it  is 
i^hieed  in  a  t'urnact^  fdled  with  eharecial.   in  sueii 
a  manner,   as  to  hv  eonipk'tfly  sui rounded  hy  it. 
The  eliarei)ai   i^    liien    kinilk'd,    and   when    tht- 
whole  i*^  eoi'snnied,   the  stone  \>  tonnd  ealeiiicd 
aeeordini»;    to    tliC    reiiuircd    degree.       IT   it    b: 


carûed  into  a  dark  place,  it  will  be  seen  to  shine 
with  a  singular  brillianqr,  which  however  becomes 
gradually  weaker,  and  after  some  minutes  entirely 
ceases.  But  this  brightness  may  be  renewed  by 
exposing  the  stone  for  some  time^  to  the  day-light. 
These  stones  are  preserved  in  a  dry  place,  wrapped 
yp  in  dry  cotton.  They  howeyer  gradually  lose 
their  property  of  imbibing  the  light  ;  but  it  may  be 
restored  to  them  by  a  second  calcination. 

The  Bologna  stone,  according  to  the  observations 
piade  by  naturalists,  is  one  of  those  known  under 
the  name  oï fusible  spar.  Vitriolic  add  enters  into 
thdr  composition,  and  this  inspired  Margraf,  a  ce- 
lebrated chemist,  with  the  idea  of  trying  whether  all 
the  other  spars  were  not  endowed  with  the  same 
property.  He  found  that  when  treated  in  a  proper 
manner,  they  all  become  luminous.  The  process 
for  calcining  and  preparing  them,  according  to  his 
method,  is  as  follows. 

When  properly  freed  from  their  heterogeneous 
parts,'  they  are  brought  to  a  red  heat  in  a  crucible, 
and  then  reduced  to  very  fine  powder  in  a  glass  or 
porphyry  morter.  This  powder  is  formed  into 
small  cakes,  a  line  or  more  in  thickness,  and  of  any 
size  at  pleasure,  by  mixing  it  with  gum  tragacanth 
and  the  white  of  an  egg,  and  these  cakes  are  then 
calcined  in  the  following  manner,  after  they  have 
been  dried  in  a  strong  heat. 

^  A  common  reverberating  furnace  is  filled  to  three 
fourths  of  its  height  with  charcoal  ;  the  cakes  are 
laid  fiat  above  it,  and  are  covered  with  more  char- 
coal. '  The  furnace  is  then  kindled,  and  when  the 
whole  charcoal  is  consumed,  and  the  furnace  has 
cooled,  the  cakes  are  found  calcined.  After  being 
cleaned  from  the  ashes,  by  means  of  a  pair  of  bel- 
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I0WS9  they  are  preserved  for  use,  as  before  de- 
scribed. When  an  experiment  is  to  be  made,  they 
are  ex:posed  for  some  time  to  the  light,  afcer  which 
they  are  carried  into  a  dark  place,  where  they  ex- 
hibit the  appearance  of  burning  coals,  to  those  who 
have  kept  their  eyes  shut  for  a  few  minutes. 

The  most  probable  cause  of  this  phenomenon, 
according  to  the  ablest  chemists,  is  as  follows  : 

When  it  is  considered  that  phosphorus  of  the 
same  kind  is  made  only  by  burning,  with  charcoal, 
stones  which  contain  vitriolic  add*,  there  is  reason 
to  think  that  in  this  operation  there  is  formed  a  kind 
of  sulphur,  exceedingly  combustible,  and  in  which 
the  action  of  the  light  alone  is  capable  of  producing 
that  slow  combustion,  almost  without  heat^  of  which 
common  sulphur,  as  already  seen,  is  itself  suscepti.- 
ble.  This  combustion  manifests  itself  only  by  the 
faint  light  it  emits.  It  ceases  with  the  absence  of 
the  cause  which  produced  it^  and  the  stone  no 
longer  is  luminous. 

Among  several  reasons  which  confirm  this  ex- 
planation, there  is  one,  which  seems  to  be  of  great 
weight  :  after  the  stone  has  ceased  to  shine,  if  placed 
in  a  dark  place  on  a  plate  of  iron,  which  has  been 
heated,  but  not  to  such  a  degree  as  to  emit  light,  it 
immediately  becomes  luminous,  without  having 
been  exposed  to  the  action  of  the  sim's  light.  To 
this  reason  we  may  also  add,  the  odour  exhaled  by 
the  Bologna  stone  ;  for  it  is  exactly  the  same  as 
that  of  sulphur.  But,  in  regard  to  this  subject,  we 
must  refer  the  reader  to  Macquer's  DUtionnaire  de 
Chimie^    under   the  head  stuny  phosphorus,   where 

•  Margraf  at  least  ascrts  so,  though  Dufay  «ays  he  n;ac!c 
Bologna  phosphurus  with  stor.fs  purely  calcarcou^. 
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explanations  will  be  found,  which,  on  account  of 
their  length,  cannot  be  admitted  into  this  work. 

§  III,  Baldwin  s  Phosphorus. 

lliis  phosphorus,  as  well  as  the  following,  has  a 
great  afEnity  to  the  Bologna  stone.  The  method 
of  making  it  is  as  follows  : 

Dissolve  very  pure  white  chalk  in  good  spirit  of 
nitre  ;  filter  the  solution,  and  evaporate  the  liquor 
till  the  residuum  is  very  dry.  Then  put  the  resi- 
duum into  a  good  cmcible  of  a  proper  size,  and 
place  it  for  an  hour  in  a  reverberating  furnace.  If 
the  matter  calcined  in  this  manner  be  put  into  a 
bottle,  with  a  glass  stopper,  you  will  have  Baldwin's 
phosphorus. 

This  phosphorus  has  the  property  of  shining  in 
the  dark,  like  the  Bologna  stone,  if  the  bottle  con- 
taing  it  be  exposed  open  to  the  light.  But  as  it 
has  the  fault  of  attracting  moisture,  it  soon  loses 
this  property. 

5  IV.  Humberts  Phosphorus. 

Take  one  part  of  sal  ammoniac  in  powder,  and 
two  parts  of  quick-lime  slaked  in  the  open  air  ;  mix 
them  well  together  ;  and  having  filled  a  crucible 
with  the  mixture,  place  it  over  a  slow  fiie.  As 
soon  as  the  crucible  is  red,  the  mixture  will  begin 
to  fuse  ;  but  as  it  rises  up  and  swells  in  the  crucible, 
it  must  be  stirred  with  an  iron  rod,  to  prevent  it 
from  running  over.  When  the  matter  is  fused, 
pour  it  into  a  copper  bason,  and  when  cool  it  will 
appear  of  a  grey  colour,  and  as  if  vitrified.  If  it  be 
struck  with  any  thing  hard,  such  as  a  piece  of  iron. 
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copper,  or  other  substance  of  the  like  kind,  thé 
whole  part  which  has  been^  struck,  will  for  t 
moment  seem  on  fire.  But  as  this  matter  is  very 
brittle/  the  experiment  cannot  be  often  repeated. 
To  remedy  this  defect,  M.  Homberg  immersed  in 
the  crucible,  containing  the  fused  matter^  small 
rods  of  iron  or  copper,  which  by  these  means 
became  covered  with  it  as  with  enamel.  The  ex- 
periment may  be  performed  on  rods  incrusted  in 
this  manner,  as  they  will  bear  to  be  struck  several 
times,  without  the  matter  being  deranged. 

It  is  to  be  observed  that  the  phosphoric  enaiiiel^ 
which  adheres  to  these  rods^  readily  attracts  the 
moisture  of  the  air  :  for  this  reason  they  must  he 
deposited  in  a  dry  warm  place^  where  they  will 
retain  their  property  for  a  long-  time* 

§  V.  Canton's  Pbospborus^  9r  Phosphorus  in  Powder. 

Another  kind  of  phosphorus,  analogous  to  that 

cf  Baldwin,  riiid  to  the  BoJogna  stonc,  may  be  made 
in  the  following  manner  : 

Calcine  ovster  >hell'5,  by  kc  ping  them  in  a 
common  fire  for  hair  iui  hr^ur,  and  then  pulverize 
them;  mix  the  finest  pnu  ol  this  powder  with  one 
third  of  its  wei^^ht  ol  line  iloiir  of  -îilphur,  and  put 
the  mixture  in  a  cniciiMc,  (iliip.p;  ir  to  the  brim,  and 
keep  it  for  half  '.^i  hour  \x  L.w  t  in  the  midst  of 
burning  coals,  till  it  is  peri  jci' v  red.  Then  sufler 
it  to-cocl,  and  having  once  mcrj  pulverized  the 
maîtei*  it  contains,  if  ncci.s.?arv,  vt)u  will  obtain  a 
phosphorus,  w^hich,  if  expose.:!  iur  a  fcxv  minutes  to 
the  day-light,  will  appear  luminous  in  the  dark. 

Those  who  have  compreLendcd  the  nature  of  the 
Bologna  phosphorus,  will  readily  see  that  Canton's 
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{>hosphorus  is  properly  the  same  thing;  for  the 
Bologna  stone  and  all  the  fusible  spars,  which  have 
been  found  to  possess  a  phosphoric  property,  are 
nothing  but  combinations  of  vitriolic  acid  with  cal- 
careous earths. 

S  VI.  Homberg*s  Pyropborus. 

The  following  chemical  discovery  was  entirely 
owing  to  chance.  ITie  celebrated  Homberg  had 
been  assured  that  a  white  oil,  in  no  manner  fetid^ 
which  had  the  property  of  fixing  mercury,  could 
be  extracted  from  human  excrement.  He  therefore 
subjected  this  matter  to  experiment  ;  and  extracted 
from  it  a  white  oil  without  any  odour.  It  did  not 
fix  mercury  ;  but  having  exposed  the  residuum  çf 
his  distillation  to  the  air,  he  was  surprised  to  see  it 
take  fire.     Such  is  the  origin  of  his  pyrophorus. 

It  has  however  been  smce  found,  that  it  is  not 
necessary  to  employ  matters  so  filthy,  as  those 
from  which  Homberg  first  extracted  this  pyropho- 
rus. The  common  process  for  this  purpose  is 
simple,  and  is  as  follows  : 

Mix  in  an  iron  pan,  pbced  over  the  fire,  by 
means  of  an  iron  spatula,  three  parts  of  alum 
and  one  of  sugar,  until  the  matter  becomes  perfect- 
ly dry,  and  reduced  to  a  blackish  carbonaceous  sub- 
stance :  if  there  be  any  lumps  in  it  of  considerable 
size,  they  must  be  broken.  Put  this  matter  into  a 
matrass  with  a  narrow  neck,  about  eight  inches  in 
length,  and  place  the  matrass  in  a  crucible,  capable 
of  containing  the  belly  of  it  when  surrounded  by 
half  an  inch  of  sand.  Then  immerse  the  crucible 
in  burning  coals,  and  bring  both  it  and  the  matrass 
to  a  state  of  ignition,  heating  it  at  lirst  gradualiy^» 
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and  then  strongly  urging  the  fire,  till  a  sulphurous 
i9ame  is  seen  to  issue  from  the  neck  of  the  matrass. 
The  fire  must  be  maintained  in  this  state  for  about 
a  quarter  of  an  hour  ;  then  suffer  the  fire  to  become 
gradually  extinct,  and  when  the  neck  of  the  matrass 
IS  no  longer  red,  close  it  with  a  cork  stopper,  other* 
wise  the  pyrophorus  would  inflame. 

When  the  whole  is  perfectly  cold,  pour  the  py- 
rophorus speedily  into  several  phials,  which  can  be 
well  shut,  and  instantly  close  them.  Sometimes  "it 
inflames  in  passing  from  ;the  matrass  to  the  bottle  ) 
but  this  is  of  no  consequence,  as  it  is  extinguished 
as  soon  as  the  bottle  is  closed. 

To  make  an  experiment  with  pyr©phorus,  put  a 
small  quantity  of  it  upon  a  piece  of  paper.  Soon 
after,  it  inflames,  becomes  red  like  a  burning  coal, 
and  sets  fire  to  any  combustible  bodies  it  may  be  in 
contact  with.  The  inflammation  may  be  accelerated 
by  putting  it  on  paper  somewhat  moist,  and  breath<« 
ing  upon  it. 

§  VII.   Of  the  Phosphorus  or  Pyrophorus  of  Kunkely 
called  also  the  English  phosphorus. 

This  is  the  most  curious  composition  of  the  mo- 
dern chemistry.  Who  would  have  believed  that  a 
luminous  body  could  be  extracted  from  putrid  urine  ? 
Nay  more,  a  body  susceptible  of  inflammation,  and 
capable  of  inflaming,  by  its  contact,  other  combus- 
tible bodies  ?  Such  however  is  the  origin  of 
this  phosphorus,  which  in  some  measure  may  be 
considered  as  abject  ;  but,  to  the  philosopher,  no- 
thing is  abject  in  nature,  and  the  most  disgusting 
objects  sometimes  contain  principles,  capable  of 
producing  the  most  singular  and  uncommon  eSects. 
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The  discovery  of  the  phosphorus  of  urine,  like 
many  others^  was  the  effect  of  chance.  A  citizen 
of  Hamburgh,  an  enthusiast  in  regard  to  the  philo- 
sopher's stone,  was  making  some  experiments  with 
urine.  He  was  not  the  first  nor  the  only  person 
who  imagined  that  the  substance  proper  for  fixing 
mercury  ought  to  be  found  in  human  excrement  ; 
and  by  repeated  trials,  on  this  matter,  he  found 
phosphorus.  This  discovery  made  a  great  noise  in 
the  chemical  world.  But  Brandt,  the  author  of  it, 
was  not  disposed  to  part  with  his  secret  for  nothing* 
Kunckel,  an  able  chemist,  united  with  one  Krafft  to 
endeavour  to  draw  from  him  the  process  ;  but  Kjrafit 
deceived  Kunckel,  purchased  from  Brandt  the 
secret  of  making  this  phosphorus,  and  being  de* 
sirous  to  carry  on  a  lucrative  traffic,  refused  to  im- 
part it  to  his  associate.  The  latter  incensed  on  ac- 
count of  this  treachery  of  Krafft,  and  knowing  that 
he  had  made  great  use  of  human  urine,  endeavour- 
ed by  researches  to  discover  the  secret,  and  at 
length  found  it.  The  honour  of  it  therefore  has 
remained  witl^  him  ;  for  this  phosphorus  is  com- 
monly called  KunckePs  Phosphorus*. 

On  the  other  hand,  Krafft  went  to  England,  and 
having  shewn  his  phosphorus  to  the  king  and  queen 
the  celebrated  Boyle,  whose  curiosity  was  highly 
excited  by  so  singular  a  phenomenon,  endeavour- 
ed also  to  discover  the  secret.  He  knew  only, 
like  Kunckel,  that  Krafft  laboured  on  urine.  He 
began  therefore  to  make  experiments  on  that 
matter,    and  found  out  likewise  the  method  of 

*  Leibnitz  asserts  that  this  account  generally  given  in  re- 

fard  to  Brandt,  is  entirely  void  of  foundation.     He  gives  a 
istory  of  phosphorus,  which  may  be  seen  in  Us  works, 
vol.  II. 

VOL,  IV.  K  K 
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extracting  phosphorus  from  it.  He  communicated 
the  process  to  the  public,  in  the  Philosophical  Trans* 
actions  for  1680,  and  according  to  every  appâr« 
ance  taught  the  different  opérations  morepardcu-^ 
iarly  to  a  German  chemist,  settled  at  London^ 
named  Godfreyd  Hanckwitz  ;  for  he  was  a  long 
time  the  only  person  whç  made  phosphorus. 

Though  Boyle  published  the  process  for  making 
this  phosphorus,  in  1680  ;  though  Homberg  taught 
it  in  ^691  i  and  though  described  in  various  books, 
phosphorus  was  made  only  in  England,  and  by 
Hanckwitz  alone.  A  foreigner,  who  canie  to 
France  in  1737,  oflfered  however  to  disclose  the 
whole  process,  and  the  ministry  promised  him  a 
reward  for  it.  Several  chemists  and  members  of 
the  Royal  Academy  of  Sciences  were  requested  to 
be  present  at  the  operation,  which  was  performed  at 
the  Jardin  Royal  des  Plantesy  and  attended  with  per* 
feet  success.  M.  Hellot  wrote  an  account  of  the 
process,  and  published  it  in  1738,  in  the  Memoirs 
•f  the  Royal  Academy  of  Sciences.  Since  that 
time  only  the  method  of  making  phosphorus  has 
been  known  ;  but  it  is  one  of  the  nicest  operations 
of  chemistry^  and  does  uot  succeed  but  in  very 
expert  hands. 

But  none  of  the  modern  chemists  has  paid  so 
much  attention  to  the  composition  of  phosphorus 
as  Margraf,  who  has  rendered  the  process  more 
(.crtaiii,  more  exact,  and  less  tedious  ;  for  this  reason, 
we  shall  take  him  as  our  guide,  in  what  we  arc 
going  to  say  on  this  subject. 

1st.  Provide  good  urine,  and  let  it  purify  itself; 
lhc;i  put  it  into  a  glass  vessel,  placed  over  the  fire, 
and  evaporate  the  phlegm,  till  it  be  reduced  to  the 
consistence  of  honey  or  of  cream. 
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It  must  here  be  observed  that  this  matter  contains 
a  particular  salt,  caMeà  fusible  salt  of  urine  \  that  this 
salt  is  composed  of  an  acid  différent  from  all  the 
rest,  called  the  pbospboricy  because  it  is  a  necessary 
ingredient  in  phosphorus,  by  its  combination  with 
another  principle,  and  because  this  add  is  extracted 
by  the  deflagration  of  phosphorus,  as  the  vitriolic 
acid  is  by  that  of  common  sulphun 

ad.  Tnen  mix  four  pounds  of  minium  with  two 
pounds  of  sal  ammoniac  in  powder,  and  distil  the 
mixture,  which  will  furnish  a  volatUe  alkajd  highly 
concentrated.  This  alkali  however  is  useless.  But 
marine  add  will  attack  the  minium  or  calx  of 
lead,  and  will  form  with  it  a  compound,  known  to 
chemists  under  the  name  of  corneous  lead.  Corneous 
lead,  ready  made,  may  be  employed  ;  but  we  have 
thought  proper  to  describe  the  method  of  making 
it,  because  all  our  readers  may  not  be  diemists. 

3d.  Mix  this  corneous  lead,  by  little  and  little  in 
an  iron  pan,  with  dght  or  itine  pounds  of  the  ex^ 
tr«ct  of  urine,  mentioned  in  the  ist  article,  taking 
care  to  stir  it  continually  ;  add  to  it  half  a  pound  of 
charcoal  dust,  and  continue  to  drv  it  till  it  be  re- 
duced to  a  black  powder.  Then  tnrow  the  matter 
into  a  retort  to  distil  it  in  a  moderate  heat,  and  ex- 
tract from  it  all  the  products  ;  which  are  volatile 
alkali,  a  fetid  oil,  and  a  kind  of  sal  ammoniac, 
which  adheres  to  the  neck  of  the  vessd.  Then 
bring  the  retort  to  a  moderate  red  heat,  and  when 
nothing  more  passés  over,  unlute  the  apparatus, 
and  reserve  the  residuum,  which  is  a  kind  of  caput 
mortuum.  This  residuum  contains  the  phosphorus, 
and  must  be  distilled  in  a  mudi  more  violent  beat. 
4t  is  a  sign  that  it  is  well  prqwed,  if  a  small  bit  of 
it,  wfiea  thrown  •  on  the  coals,  exhales  an  odour  of 
garlic,  and  bums  with  a  small  lambent  flame. 
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4th.  Fut  tbe  residuum  ioto  a  good  Hessian 
retort.  M.  Margraf  recommends  those  of 
\raldfnbourg  as  tne  best  ;  but  none  of  them 
are  brought  to  France.  Those  of  Hcs$c  will 
answer  the  purpose,  though  they  suflTer  the 
phosphoric  matter  to  transpire  a  little;  but  this 
defect  may  be  in  part  remedied,  by  a  luting  of 
earth  mixed  with  cow's,  hair. 

5th.  Having  liiled  three  fourths  of  the  retort 
with  the  above  matter,  place  it  in  a  ftimace, 
having  over  it  a  chimney  or  tube,  five  or  six 
inches  in  diameter,  ami  eight  or  nine  feet  in 
height.  'Hie  chimney  serves  to  increase  the 
activity  of  the  fire,  by  the  rapidity  of  the  cur- 
rent of  air,  and  lor  iiitroducinq-  through  the 
door  of  it,  at  different  times,  the  quantity  of 
charcoal  necessary  to  carry  on  the  operation 
about  six  hours. 

6th.  Lute  the  neck  of  the  retort  with  that  of 
a  middle  sized  balloon,  half  filled  with  water, 
and  having  in  it  a  small  hole,  by  means  of  fat 
lating  ;  and  secure  the  joint  by  a  bandage  of 
linen,  covered  ^vith  a  luting  of  I'me  ana  the 
white  of  an  egg.  The  hole  in  the  balloon  affords 
a  passage  to  the  vapours,  which  otherwise  would 
occasion  it  to  burst.  It  may  be  slightly  closed 
with  a  pellet  of  paper,  which  must  be  occasionally 
taken  out  during  the  distillation.  Care  must 
-be  taken  also  to  close  with  a  luting  of  clay  the 
notch  of  the  furnace,  through  which  the  neck 
of  the  retort  passes;  and  to  ruse  between  tbe 
fitmace  and  the  balloon  a  brick  wall,  to  pre- 
vent the  heat  from  being  communicated  to  the 
former, 
-  .7th.''niese  arrangements  having  been  made 
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twenty-four  hours  before,  set  fire  to  the  furnace^ 
and  expose  the  retort  to  a  gradual  heat  for  an 
hour  and  a  half;  after  which  the  fire  must  be 
excited,  to  bring  it  to  a  white  heat.  This  oper- 
ation will  cause  to  pass  into  the  balloon,  first 
luminous  vapours,  and  then  drops  of  pure- 
phosphorus,  which  falling  into  the  water  in  the 
balloon  will  become  fixed.  This  operation  will 
be  completed  in  four  or  five  hours  ;  whereas  by 
Hellot's  process  it  would  require  twenty-four. 

8th.  As  the  phosphorus  obtained  by  this  vio** 
lent  distillation  is  black,  on  account  of  the  fuli- 
ginous vapours  it  carries  along  with  it,  you  must 
distil  it  a  second  time  in  a  smaller  retort,  and  in 
a  moderate  heat  This  heat  will  be  suilicient  to 
render  it  pure,  for  when  once  formed,  it  is  ex- 
ceedingly volatile. 

9th.  The  phosphorus  must  then  be  formed 
into  small  sticks,  by  putting  it  into  glass  tubes 
somewhat  conical,  and  immersed  in  tepid  water  ; 
for  in  such  a  heat  it  runs  like  tallow.  These 
operations  must  be  performed  in  water,  to  pre- 
vent inflammation  of  the  phosphorus,  and  when 
the  water  is  cold,  the  phosphorus  will  be  fixed 
in  sticks,  which  must  be  taken  out  and  put  into 
phials  filled  with  water,  and  carefully  shut. 

It  has  not  yet  been  discovered  to  what  useful 
purpose  the  English  phosphorus  can  be  applied, 
except  that  its  nature  and  composition  have 
thrown  light  on  certain  points  of  chemistry. 
But  it  may  be  readily  conceived,  that  it  may 
be  employed  for  performing  various  philoso^ 
phical  tricks^  exceedingly  curious^  such  as  thQ 
following^ 
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TiO  write  in  characters  tthich  tcUi  appear  iumftous 
in  the  dark. 

For  this  purpose,  it  will  be  first  necessary 
f  fo  make  liquid  phosphorus.  Place  a  grain  of 
phosphorus  at  the  bottom  of  a  small  bottle,  and 
Aaviiig  bruised  it,  pour  immediately  over  it  about 
half  an  ounce  of  very  clear  oil  of  cloves.  If  the 
whole  be  then  put  to  digest  in  a  gentle  heat,  such 
^  that  of  adunghill,  the  phosphorus  will  be  almost 
}.  entirely  dissolved.  When  the  bottle  is  taken 
Out,  the  matter  it  contains  will  shine  in  the  dark» 
on  the  bottle  being  un^^topped  or  agitated  a  littlr. 

If  you  dip  a  smaii  tiusJi  in  this  oil,  and  de- 
scribe nitii  it  any  characters,  on  a  w»ll,  they-  wjlj 
appear  luminous  in  the  dark. 

You  may  also,  if  you  choose,    render  your 
^ec  and  hands  luminous.     Nothing  will  be  ne- 
Ccssar)'  but  to  rub  over  them  a  little  of  this  oil 
which  has  no  sensible  iieat,  because  ^he  phos- 
phoric fire  is  very  nnich  rarefied. 

Tliis  phosphorus  amalgamates  veiy  yfel\  witi) 
Siercuiy,  and  forms  à  luminous  compound.  Pu( 
|en  grains  of  phosphorus  into  a  pretty  large  Iod^ 
phial,  with  two  ounces  of  oil  of  lavender.  THq 
phosphorus  will  dissolve  in  it,  provided  it  be  ex- 
posed to  a  gentle  beat.  If  you  tl^en  add  h^f  a 
^ram  of  quicksilver,  you  will  obtain  an  amalgam, 
vhich  will  be  entirely  luminous  in  the  dark. 
'  For  the  same  purpose,  phoaphonis  may  be 
arixed  tvitfa  pomatum  ;  it  will  become  luminoue, 
«nd  may  be  rubbed  over  the  face  and  hftQi^ 
vithout  any  danger. 
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5-  VIII.  Composition  of  a  kind  of  a  pyrophorus, 
which  emits  Jiames  when  brought  into  contact 
mtÂ  a  drop  of  water» 

For  this  composition  ve  are  indebted  to  the 
celebrated  chemist  Glauber.  Mix  together  iron- 
filings^  cadroia^  tartar^  and  nitre;  then  form 
them  into  a  paste,  and  dry  it  well  in  a  strong 
heat,  such  as  that  of  a  potter's  furnace.  If  a 
few  drops  of  water  be  throwa  over  this  mass^  it 
will  emit  flames  and  sparks.  Such  is  the  dt* 
sctiption  given  of  this  process  by  Beccher.  The 
following  is  another^  extracted  from  the  Natural 
Jifagtc  of  Martins.  Pulverize  quick-lime,  tutty, 
and  storax  calamité,  each  an  ounce;  live  sul- 
phur and  camphor  each  two  ounces  ;  and  having 
mixed  them  well  together  and  sifted  them,  wrap 
them  up  in  a  piece  of  very  thick  linen  cloth. 
Put  this  cloth  into  a  crucible,  cover  it  with 
another  crucible,  which  must  be  tied  closely  to 
the  former,  and  lute  the  joining  with  potter's 
earth.  When  the  luting  is  perfectly  dry,  put 
this  double  crucible  into  a  potter's  furnace,  and 
leave  it  there  till  the  matter  is  entirely  calcined. 
This  may  be  known  by  the  colour  of  the  cru* 
cibles,  which  ought  to  be  of  a  pale  red  :  when 
the  whole  is  cool,  if  you  throw  a  drop  of  water 
or  spirit  on  this  matter/it  will  emit  sparks. 

It  was  no  doubt  by  means  of  a  similar  com- 
position, that  a  German  Jew  drew  sparks  from 
the  head  of  his  cane,  by  spitting  on  it.  This 
invention  indeed  is  very  proper  for  being  em- 
ployed by  jugglers,  to  excite  the  wonder  of  the 
populace,  and  extort  money  from  them.  The 
Jew,  here  alludod  to,  it  seems,  turned  to  great 
advantage  this  chemical  secret. 
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There  arc  some  other  pretended  kinds  of  phos- 
phorus ;  but  properly  speaking  they  are  not  so  : 
they  are  merely  electric  phenomena. 

Of  this  kind  is  the  light  seen  in  the  inside  of 
certain  barometers,  called  for  this  reason  lumin* 
cm.     In  the  old  editions  of  the  Mathematical 
Recreations^  it  was  called  DutaVs  Phosphorus^ 
because  that  physician,  but  after  Bernoulli^   was 
able  to  make  lunlinous  barometers  ;  it  is  hour* 
ever  now  known  that  this  does  not  arise  from 
phosphorus^    but  is  merely  an  electric  light. 
M.  LudolfF,  a  German  philosopher,  has  clearly 
proved,  that  this  phenomenon  is  the  effect  of 
electricity,   produced  in  the  tube  of  the  baro- 
meter, by  the  friction  of  the  mercury. 

The  cas%  is  nearly  the  same  with  mercury, 
which  becomes  luminous  when  inclosed  in  a 
very  clear  glass  vessel,  exhausted  of  air.  We 
have  described  this  phenomenon  in  the  com- 
mencement of  the  present  volume  :  it  is  also  an 
electric  phenomenon. 

The  light  emitted  by  a  diamond,  tubbed  in 
the  dark,  or  a  bit  of  sugar  when  grated,  is  of 
the  same  kind. 


SUPPLEMENT  II. 


Perpetual  Lamps. 


THE  subject  of  perpetual  lamps  lias  too  inti- 
mate a  connection  with  that  of  phosphorus  to  be 
here  omitted  ;  for  if  we  were  urged  to  explain  the 


accounts,  given  of  fire  found  in  the  tombs  of 
the  ancients,  and  from  ^vhich  some  pretend  to 
conclude  they  were  acquainted  with  the  art  of 
maintaining  9  lamp  lighted  for  ages,  it  woul4 
be  necessary  to  have  recourse  to  phosphorus. 
But  these  facts  rest  on  so  slight  a  foundation, 
some  of  them  even  bear  such  evident  marks  of 
fiction,  and  the  greater  part  of  those  which  the 
honest  Fortunio  Liceti,  a  strong  partisan  of  per- 
petual lamps,  has  collected  as  proof  of  this  dis- 
covery, are  so  evident  proofs  of  the  contrary, 
that  a  moderate  degree  of  acuteness  is  sufficient 
to  shew  that  nothing  is  less  entitled  to  credit* 
If  to  this  be  added,  the  phvsical  reasons  which 
contradict  the  possibility  of  an  inflammable  li« 
quor,  burning  continually  without  being  con- 
sumed, the  perpetual  lamps  must  be  considered 
as  a  chimera,  unworthy  the  attention  of  a  philo- 
sopher, and  fit  only  to  be  banished  to  the  coun- 
try of  potable  gold  and  palingenesy.  If  we  in- 
troduce them  therefore  into  this  work,  it  is 
merely  on  account  of  the  celebrity  of  the  subject, 
and  because  we  know  that  some  persons  are  fond 
of  these  singular  and  extraordinary  tales* 

XCLE    I. 

Examination  of  the  facts  alleged  as  a  proof  of  the 

existence  of  perpetual  lamps. 

Before  the  iqnproved  state  of  philosophy  had 
shewn  the  impossibility  of  real  un-extinguishable 
fire,  the  learned  were  much  divided  in  tjieir  opi- 
nions on  this  subject  ;  but  of  all  the  champions 
in  favour  of  perpetual  lamps,  none  has  made 


greater  efforts  to  obtain  credit  to  their  existe 
than  Fortunio  Liceti,  in  liis  book  cotitlcd 
Reconduis  Aiitiquofum  Lucernls. 

If  credit  may  be  given  to  ttiis  author,  nothing 
was  iDore  commou  among  the  ancients  than  per- 
petual lamps.  The  lamp  of  Demosthenes,  that 
■which  burnt  in  the  temple  of  Minerva  at  Athens, 
the  vestal  tire  at  Rome,  all  furnish  him  with  30 
many  proofs  of  the  possibility  of  un-extinguish- 
able  fire.  We  cannot  help  smiling  to  see  so 
much  learning  so  idly  employed  :  for  who  doe* 
not  know  that  these  fires  were  called  perpetual, 
piercly  because  it  was  a  point  of  religion  to  pre- 
serve tiiem  from  being  extinguished,  and  to  sup- 
ply them  with  çont'mual  alîmenf  ? 

The  other  partisans  of  perpetual  liunps,  while 
they  smile  at  the  simplicity  of  Liceti,  support 
their  reasoning  on  facts,  which  seem  to  carry 
with  them  a  little  more  weight  ;  they  are  at 
follow. 

J.  The  Lamp  qfTy^la^ 

The  tprab  of  TaUiola,  the  beloved  daughter  of 
Cicero,  and  whose  death  cost  him  so  many  tears, 
was  discovered,  it  is  said,  utvder  tlie  pontificate 
of  Pius  III.  It  is  pretended  that  in  this  tomb. 
there  was  a  lamp  actually  burning,  but  whlcl^ 
became  extingitished  on  the  ^nitssion  of  air. 

1.  Tht  Lemtp  ^OlybiiUf 

JBut  it  is  the  lamp  of  Olybius,  which,  above  att 
others,  supplies  the  partisans  of  perpetual  lanapa 
^th  one  of  their  çtrongest  arguments. 
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In  the  year  1500»  as  we  are  told,  some  peasants 
digging  the  earth  to  a  considerable  depth  at 
Atesta,  in  the  neighbourhood  of  Padua,  came  to 
a  tomb>  in  which  they  fouqd  two  earthen  urns, 
one  within  the  other.  The  inner,  it  is  said» 
contained  a  burning  lamp»  placed  between  two 
phials,  one  filled  nfiU^  liquid  gold,  and  the  other 
with  liquid  silver.  Qn  the  large  ym  was  the 
following  inscription. 

Plutoni  sacrum  miinus  ne  attingite,  fares  i 

^Igootiun  est  vobis  hoc  quod  in  orbe  latet| 
Namque  elementa  gravi  clausit  digesta  labore» 

Vase  sub  hoc  modicq,  mazimus  Olybius* 
^dsit  fecundo  custos  sibi  copia  comuj 

Up  tznû  preti^m  flepereat  laticis. 

The  second  i^  ssdd  to  haye  been  inscribed  alMI 
^th  these  lines  : 

Abite  hinc,  pessimi  fures  ; 

Vos  quid  Vultis  Testris  cum  occulis  cmîiritiitf 

Abite  hinc  v^tro  cum  Mercurio 

Petasato  caduceatoque. 

Mazimus  mazio^um  donum  Plutoni  hoc  sacrum  fedt. 

Such  IS  the  ipanner  in  which  this  curious  dis- 
covery is  related  by  Gesner.  But  what  follows 
}s  still  stronger.  Liceti  gives  a  letter  of  one 
M^turantiu^,  who  tells  his  friend  Alphenus^  that 
he  had  got  possession  of  this  valuable  treasure* 
"  Both  the  vascsi"  says  he,  M  with  the  inscrip- 
tions, the  lamp  smd  the  phials^  haye  fallen  into 
my  hands,  and  are  now  in  my  possession.  If 
you  saw  them  you  would  be  astonished.  I  would 
not  part  with  them  for  at  thousand  crowns  of 
gold.*'    This  i*  no  doubt  the  language  of  a  man 
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who  believes  he  possesses  an  inestimable  raiitj. 
We  do  not  however  know  that  it  exists  in  any 
collection. 

It  appears  that  in  this  case,  as  in  regard  to  the 
tomb  ot  Tulliola,  an  accident  prevented  enlight* 
ened  people  from  being  witnesses  to  the  pheno- 
menon ;  tor  we  read  in  the  credulous  Porta,  that 
as  the  peasants  who  found  this  treasure  handled 
it  too  roughly,  the  lamp  broke  in  their  hand^ 
and  was  extinguished. 

3.  The  Lamp  of  Pallas,  the  son  oJEvander. 

We  are  told  also  that,  about  the  year  8qo  of 
the  Christian  îcra,  the  ton\h  of  the  famous  Pallas 
the  son  of  Evander;  killed  as  is  well  known  by 
Tumus,  was  found  at  Rome. 

It  was  known  to  be  that  of  Pallas  by  these 
verses  ; 

Filîus  Evandri  Pallas  quern  lancea  Tumi 
Militis  occidit,  more  suo  jacet  hîc. 

It  contained  a  burning  lamp  ;  which  conse- 
quently must  have  burnt  nearly  2000  yea,rij 
since  it  was  shut  up  in  the  year  1170  before  the 
Christian  sera. 

4.  The  Lamp  in  the  Teviple  of  Venus. 

This  lamp,  and  the  temple  of  Venus,  in  which  it 
was  suspended,  are  mentioned  by  St.  Augustine. 
He  says  it  burnt  perpetually,  and  that  the  flame 
adhered  so  strongly  to  the  combustible  matter^ 
that  neither  wind,  rain,  nor  tempests  could  ex- 


LAUP9.  SOI 

tinguish  it>  though  continually  exposed  to  the 
air,  and  to  the  inclemency  of  the  seasons.  This 
author  endeavours  to  explain  the  mechanism  of 
it,  and  after  offering  a  conjecture^  which  in  part 
is  pretty  correct,  namely,  that  a  wick  of  asbestos 
'  was  perhaps  employed,  he  concludes  by  saying 
that  it  might  have  been  the  work  of  demons^  in 
order  to  blind  the  pagans  more  and  more^  and  to 
attach  them  to  the  infamous  deity  worshipped  in 
this  temple. 

Here  then,  according  to  the  partisans  of  per- 
petual lamps,  we  have  un-extioguishable  fire,  the 
existence  of  which  is  fully  confirmed  by  the 
testimony  of  thé  most  enlightened  man  of  his 
age  ;  and  who  notwithstanding  his  knowledge,  is 
obliged  to  have  recourse  to  the  artifice  of  demons 
to  explain  this  phenomenon. 

5.  Lamps  of  Cassiodorus. 

The  celebrated  Cassiodorus,  who,  it  is  well 
known,  was  as  much  respected  on  account  of 
his  employments  as  of  his  talents,  tells  us  himself 
that  he  made  perpetual  lamps  for  his  monastery 
at  Viviers*  £ach  monk,  it  is  probable,  had  one 
of  them  for  his  0¥m  use.  .  His  words  are  :  Para- 
vimus  etiam  noctumis  vigiliis  mecanicas  tucemas 
conseivatrices  iUuminantium  flammarum,  ipsas 
sibi  nutrientes  incendium^  quœ  humano  minUterio 
cessante  prolixe  custodiant  uberrimi  luminis  abun- 
dantissimam  claritatem,  ubi  oki  pinguedo  nan  de* 
Jicitj  quamvis  jugiter flammis  ardentibus  torreatur. 
Some  partisans  of  perpetual  lamps  may  here  say  : 
*^  Is  it  possible  to  refuse  credit  to  testimony  sa 
authentic,  so  clear,  and  so  respectable  y^ 


Sodi  Wttliliiliiiei|Mlfitcta  adduced  in  fat 
ff^peipelttil  llâl^;'t)ttt  veniay  rcDture  to 
Jbital^vUIiMt  Itabefhe  test  of  critical  exa- 
ilittKtkni'    Iti  fei^rtl  Mthe  6rst  three,  what  dc- 
fndsoM  cnt-  bo  plwwd  on  facts  related  in  so 

.  '«■gue  ft.  taiaaiiM';  «^  aocompaaied  with  such 
ibcolMMat'iuid  tetfaptic  circumstances?  None 
df  thdw  ftet»  *K  tepptMed  by  any  other  testis' 
Mbnjr-tiMn  l&at  «f  men  who  lived  a  long  time 
after;  no  penoa  wlme  testimony  is  of  any 
iMittbt  aasem  thaC  hé  actually  saw  them.  But 
ita  oisbetn  vhlch  are  contrary  to  the  cornnion 
tews  ctt^  i»tiiT|^  they  ttrait  at  least  be  certified  by 

.  Mftighté&ed  men»  wove«H  suspicion  of  credulity 
etumwancc'  '  ^ 

•  The  tateie«p«llî«gH>etombof  Tulliola  is  a 
old  as  the  year  13451  a  parité '«hen  all  Europe^ 
«as  sunk  in  the  .grossott  ignorance.  Â  body  b 
said  to  have  been  fiïuttd  in  it  ;  and  in  that  case 
it  could  not  be  the  body  of  Tulliola,  for  the 
Romans,  in  the  time  of  Cicero,  always  burnt 
their  dead.  In  consequence  of  this  and  similar 
drcumstauces,  some  authors  have  conjectnred 
that  the  tomb  alluded  to,  was  that  of  the  wife  of 
Stilico;  but  the  Christians  never  placed  lamps  in 
their  tombs.  The  account  therefore  of  a  lamp 
founâ  in  this  tomb,  has  every  appearance  of  a 
fiction. 

But  what  shall  we  say  of  the  tomb  of  Olybius, 
and  the  lamp  with  two  phials,  one  filled  with 
fiutd  gold,  and  the  other  with  fluid  silver?  Thia 
double  um  was  found  by  peasants,  who' accord- 
ing to  some  authors  handled  the  lamp,  contained 
ib  the  second  urn,  soclumsily,  as  to  break  it, 
and  yet  Maturuitius  pretends  that  he  ha 
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his  possession.  Who  8at¥  the  lamp  burning? 
what  evidence  have  we  that  the  peasants  beheld 
it  in  that  state  ?  and  whose  testimony  in  this  case 
would  be  'admissible  ?  Some  vapour  exhaled  from 
a  place  shut  up  for  so  many  ages,  might  easily 
impose  on  rude  and  ignorant  people. 

What  is  the  meaning  of  the  inscription  ?  where 
is  there  any  allusion  in  it  to  perpetual  fire  ?  Is  it 
necessary  that  a  eift  sacred  to  Pluto  should  be  a 
burning  lamp?  K  there  be  any  truth  in  the  dis* 
tovefy  of  this  tomb,  it  ought  only  to  be  con- 
cluded that  it  belonged  to  some  alchemist,  of  an 
age  not  very  remote  ;  for  it  is  well  kno^n  that 
the  Romans  had  no  idea  of  chemistry,  and  none 
of  them  ever  attempted  the  transmutation  of 
metals.  If  this  folly  had  then  been  in  existence^ 
some  traces  of  it  would  certainly  be  found  in 
their  writings  ;  but  on  this  subject  they  all  ob- 
serve the  most  profound  silence.  -  This  chimera 
was  communicated  to  us  by  the  Arabs,  with 
wme  real  knowledge  in  regard  to  chemistry. 
'  But  if  the  Romans  were  unacquainted  with 
chemistry,  how  could  they  construct  perpetual 
lamps,  which  would  be  one  of  the  greatest  pro- 
ductions of  that  science  ? 

The  story  of  the  tomb  of  Pallas,  the  son  of 
Evander,  is  scarcely  worth  refutation.  Who  can 
be  so  weak  as  to  believe  that  the  verses,  already 
quoted,  were  written  in  the  time  of  Eneas.  One 
needs  only  to  have  seen  the  language  of  the 
twelve  tables,  to  be  able  to  judge  how  little  re- 
semblance the  ancient  language  of  the  Romans, 
and  consequently  that  of  the  period  of  the  kings 
of  Alba,  bore  to  these  Latin  verses. 

In  regard  to  the  lamp  of  VenuSi  which  occa^ 
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,ï  sioneJ  so  much  difficulty  to  St.  Augustin^ 

j*  shall  observe  that  this  author  does  not  say  that  it 

t'  \     ■  w^  never  supplietl  with  new  aliment        Whal 

îl^I    .  seems  to  be  niost  singular  is,  that  it  could  not 

be  extinguished,  either  by  wind  or  by  rain  ;  but 
in  this  there  is  nothing  wonderful,  since  ouf 
oilmen  sell  (lambeaux,  which  have  the  same 
property.  A  nielhod  of  making  similar  fire  may- 
be tound  in  various  books  of  chemistry.  Besides,, 
even  admitting  that  this  lamp  was  i)erpetual  and 
^^  inextinguishable,  who  is  so  ignorant  as  not  to 
'  I  ^V     know  that  the   Pagan  priests  were  the  greatest 

impostors,  and  that  they  might   employ    many' 
artifices  to  supply  the  lamp  with  new  aliment  ? 

The  lamps  of  Cassiodorus  may  be  explained 
with  equal  ease;  they  were  lamps  which,  liko 
Uiotie  oi"  Cardan,  supplied  themselves  with  oil  by 
means  of  a  reservoir;  and  Cassiodorus  only 
meant  to  say,  that  these  lamps  lasted  a  lon^ 
time,  in  comparison  of  the  common  lamps  of 
that  period,  which  stood  iVequcntly  in  need  of 
liaving  oil  poured  into  them. 

These  r^ections  did  not  escape  several  inge- 
niout  writers,  such  ss  Areii.a  bishop,  and  author 
ofSymbolaseu  EmbletTiata sacra, -Jiuommici,  aphi- 
losopher  contemporary  with  Liceti  ;  and  particu- 
larly Octavio  Ferrari,  to  whom  we  are  indebted 
for  a  curious  and  learned  work  De  Veterum  Lucer- 
tûttepulckrùiibiu.  All  these  authors,  andespecialiy 
thelast,  overturn  the  arg^mentsof  Liceti,  and  fully 
shew  that  the  facts  he  has  adduced  in  flavour  of 
perpetual  lamps,  rest  on  a  weak  foundation,  and 
that  they  abound  with  absurdities  and  contra- 
dictions. They  even  ridicule  the  weakness  <^ 
this  leuned  mau,  who  by  an  excess jof  credulity. 
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almost  beyond  belief,  finds  in  the  lamp  of  the 
tomb  of  the  necromancer  Merlin,  described  by 
the  poet  Ariosto,  a  proof  of  perpetual  lamps. 

We  shall  conclude  this  article  with  the  follow- 
ing very  just  reflections  of  Octavio  Ferrari,  before 
mentioned,  which  naturally  suggest  themselves 
to  the  mind.  If  the  secret  of  constructing  per- 
petual and  inextinguishable  fire  had  been  knowti 
to  the  ancients,  would  an  art  so  useful  have 
remained  buried  in  oblivion  ?  but^  even  admit- 
ting that  it  might  be  lost,  for  want  of  philosophi- 
'  dal  and  chemical  knowledge,  is  it  possible  that 
Pliny,  who  enumerates  the  common  inventions, 
as  well  as  those  most  celebrated,  should  say  no- 
thing of  this  perpetual  fire,  a  thing  so  wonderful  ? 
When  Plutarch  makes  mention  of  the  lamp^  of 
Jupiter  Ammon,  because  it  burnt  a  whole  year, 
is  it  to  be  supposed  that  he  would  observe  silence 
respecting  lamps^  in  comparison  of  which  the 
former  was  a  contemptible  trifle  ? 

We  must  therefore  say,  that  both  history  and 
sound  criticism  oppose  every  idea  of  such  an  in- 
vention having  ever  existed.  We  shall  now  exa- 
mine how  far  it  is  consistent  with  the  principles 
of  philosophy. 

ARTICLB    It. 

On  the  Physical  Possibility  of  making  a  Perpetual 

Lamp. 

Having  proved  the  weakness  of  all  the  facts 
brought  as  proofs  in  favour  of  perpetual  lamps,  it 
remams  that  we  should  examine  ^ohy'  &r  they 
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arc  possible,  according  to  the  principles  of  so 
philosophy. 

To  obtain  a  perpetual  lampj  it  would  be 
cessary  to  have  as  follows  ; 

ist.  A  wick  which  could  not  be  cousuincçl 

îd.  Some  aUiiieiit  which  could  not  be  < 
sunied,  or  a  substance  which,  after  hai 
strvcd  as  aliment  to  the  fire,  should  return 
the  vosci,  without  losing  its  iuflatimiable  qua! 

3d.  It  vouUl  be  necessary  also  that  tlie  flj 
âhould  be  able  to  exist  a  long  time  in  a  place 
solutely  close,  and  of  ^mall  diaieiisions  ;  for  s 
were  the  tombs  in  which  these  perpetual  lai 
are  said  to  have  been  found. 

£ut  alt  these  things  are  impossible,  as  wilj 
seen  by  what  fuUows. 

§  I.  ImpossihilUif  of  pj-oairlng  a  perpetual  itv 
Hi^toj'y  of  the  amianthus  :  matmer  of  spinn 
il,  and  forming  it  into  a  'uick;  cjaminatiou  Of 
supposed  incO}7}btistibility. 

The  curious  properties  ascribed  to  the  ami 
thus,  which  are  in  part  real,  are  well  kno' 
We  shall  here  give  the  history  of  it;  but  we  s] 
not  be  so  prolix  as  the  inexhauslible  abbé  Va 
mont.  The  amianthus,  called  also  incomh^t, 
^ax,  and  asbestos,  is  a  mineral  subatancCioL 
in  several  parts  of  the  earth.  It  consists  of  fib 
of  a  white  colour,  more  or  less  greyish,  whi 
adhere  strongly  to  each  other.  Means  howc 
are  found  to  separate  them,  and  when  w 
washed,  they  have  the  appearance  of  the  whit 
llax.  The  amianthus  is  tbund  in  the  Pyrené 
tlie  Alps,  &c.     The  most  beautiful,  in  our  o 
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nion,  is  that  found  in  or  near  the  mine  of  Pescy 
in  Savoy.  We  have  seen  some,  the  lilainents  of 
whicl)  were  above  a  foot  in  length,  and  exceed- 
ingly white. 

But,  the  singular  property  which  characterizes 
this  jsubstance  is(,  that  it  remains  unhurt  in  the 
fire,  and  when  taken  out  is  purer  and  whiter  than 
it  was  before.  This  property  therefore  has  been 
made  the  basis  of  a  thousand  moral  and  pious 
comparisons,  which  we  shall  not  here  repeat 

It  is  proper  to  observe,  that  the  druggists,  a 
sort  of  men  who  throw  all  natural  history  into 
confusion  by  their  corrupted  nomenclature,  are 
acquainted  with  asbestos  under  no  other  name 
than  that  of  feathered  alum:  But  this  denomina- 
tion arises  from  profound  ignorance.  Alum  is  a 
âalt;  and  is  soluble  in  water,  whereas  the  amian- 
thus is  insoluble  in  that  liquid.  The  amianthus 
therefore  is  not  alum.  M^^hat  has  given  occasion- 
to  this  false  denomination  is,  that  there  is  indeed 
a  feathered  alum,  or  alum  crystallised  in  fibres^ 
which  hafv  some  resemblance  to  the  amianthus  ; 
but  this  alum  is  exceedingly  rare,  and  the  drug- 
gists, when  it  is  called  for,  substitute  the  amiau- 
thus  in.  its  stead. 

However,  it  appeare  that  the  property  of  the 
amianthus  has  been  long  known  ;  for  we  are  told 
by  Pliny,  in  his  Natural  History,  B.  xix  chajîi  i, 
that  when  ceitain  Indian  princes  died,  tln^ir 
bodies  were  wrapped  up  i|^  a  winding  sheet  made 
of  live  flax,  and  that  they  were  thus  burnt,  in 
order  that  their  ashes  might  not  be  mixed  with 
those  of  the  funeral  pile.  It  is  certain  that  this 
is  not  impossible^  and  we  cannot  doubt  the  tes- 
timony or  Pliny,  who  says  in  another  place,  that 
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he  3aw  cloth  and  -nets^  which  when  dirty  required 
only  to  be  thrown  into  the  fire^  anjd  that  when 
taken  out  they  were  clean  and  not  in  the  least 
injured.  Plutarch  asserts  the  same  thing:  But 
Pliny  is  evidently  mistaken,  when  he  says 
that  this  live  flax  was  produced  from  a  platit^ 
found  only  in  the  hottest  districts  of  India,  tor-? 
refied  by  the  rays  of  the  sun,  ajs  if  it  were  fond 
of  growing  in  the  midst  of  the  flames*  He  kneir 
the  production,  but  was  deceived  in  regard  to  its 
origin.  This  custom  however  seems  to  have 
become  extinct  in  India  :  we  know  no  traveller 
who  speaks  of  bodies  being  now  burpt  in  that 
manner. 

It  is  needless  to  quote  more  authorities  to 
prove  the  possibility  of  making  incombustible 
cloth  of  this  kind.  We  have  seen  purses^ 
brought  from  the  Pyrenees,  which  possessed  this 
property.  They  were  indeed  exceedingly  coarse, 
but  it  is  certain  that  they  might  be  made  much 
finer. 

It  however  requires  great  industry  to  be  able 

•to  spin  the  amianthus,  and  to  form  it  into  cloth. 

The  following  is  the  method,  as  given  by  Ciam- 

pini,  in  his  treatise  De  incomhustibili  LinOy  deque 

tl/iusjilrmdirnodo;  Romje,  1691. 

To  spin  this  stone,  says  Ciampini,  it  must  hp 
Crst  soaked  in  warm  water;  when  it  has  remain- 
ed in  the  water  some  time,  it  is  taken  out, 
rubbed  between  the  hjyids,  opened  and  spread 
out,  frequently  dipping  it  in  the  water,  in  order 
to  clean  it  from  tlje  earth}^  particles.  This  oper- 
ation is  repeated  five  or  six  times,  until  the  fila- 
ments are  well  detaclied  from  each  other,  after 
which  they  are  collected. 


Tliey  must  then  be  dried  on  some  apparatus, 
through  which  the  water  can  easily  drain  off* 
The  next  thing  is  to  provide  two  small  cards^ 
finer  than  those  used  to  card  the  wool  employed 
for  making  hats  and  stuffs>  and  the  incombusti- 
ble flax  must  be  placed  between  these  two  cards, 
that  a  few  of  the  filaments  may  be  drawn  out  at  a 
time,  iq  order  to  be  spun  witl>  a  small  spindle. 

But,  it  is  to  be  observed,  that  as  the  filaments 
pf  this  flax  are  in  general  very  short,  it  is  ng^es^ 
^ary  to  spin  along,  with  it  some  fine  cotton  pr 
wool,  which  may  embrace  and  unite  them. 

Care  however  must  be  taken  to  use  always  a 
little  more  kmianthus  than  of  the  substance  you 
liave  chosen  to. spin  along  with  it/  The  reason 
of  this  b,  that  when  the  thread  is  made  into  cloth 
or  into  purses,  the  work  is  thrown  into  the  fire  ; 
the  cotton  or  wool  then  bums,  and  being  con- 
sumed, nothing  remains  but  pure  amianthus.  It 
is  almost  in  the  same  manner  that  gold  and 
silver  is  spun  with  silk  ;  and  that  old  gold  or  sil- 
ver lace  is  burnt  to  obtain  the  pure  metal. 

Ciampini  says,  that  those  who  spin  this  sub- 
stance must  moisten  their  fingers,  and  particular- 
ly the  thumb  and  the  fore  finger,  to  render  the 
operation  easier,  and  to  prevent  the  fingers  from 
being  excoriated,  because  the  amianthus  is  cor- 
rosive. He  says  also  that  the  use  of  cards  may  be 
dispensed  with  ;  and  that  it  is  sufficient  to  put  the 
filaments  of  the  amianthus  in  regular  order  in 
such  a  manner,  that  they  may  easily  separate  to 
insinuate  themselves  into  the  cotton  or  wool 
added,  in  ordfer  that  they  may  be  spun  together. 
When  the  cloth  or  purses  are  dirty,  they  are 
thrown  into  the  fire,  and  on  being  tak^ivout,  are 
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vhîter  and  more  brilliant  than  tli^y  trcre  before. 
He  recommends  moistening  them  with  a  little  oil 
or  essence,  when  they  come  from  the  fire  ;  be- 
caiwe  oil  nourishes  the  amianthus,  and  causes  the 
thread  to  remain  smoother. 

We  shall  here  observe,  that  to  form  the  amian- 
thus into  M'icks,  it  is  not  necessarj'  that  it  should 
be  purified  or  spun.  It  \vi)l  be  sufficient  to  take 
the  longest  filaments,  and  to  tie  them  together 
with  ^  white  silk  thread,  in  a  quantity  propior- 
tioned  to  the  size  of  the  wick.  It  is  astonishing 
to  see  with  what  avidity  the  amianthus  attracts 
and  imbibes  the  oil.  It  may  l)c  employed  as  it 
is  found  in  filaments,  in  tlic  druggists*  shops,  and 
the  lamp  will  not  fail  to  bum  aucTto  emit  a  stron» 
light  .  '    .       . 

Ciampini  however  is  mistaken  when  he  ascribes 
to  the  amianthus  à  corrosive  ({uality  ;  its  stony 
and, no  ways  saline  nature,  will  not  admit  of  such 
a  propcrt}'. 

ilavin<>'  c:iven  this  short  history  of  the  amian- 
thus,  it  remains  that  we  should  examine  the  con- 
sequences that  may  be  hence  deduced. 

If  wc  can  believe  the  partisans  of  perpetual 
lamps,  sinee  tiic  first  step  towards  the  execution 
of  such  a  work  is  a  perpetual  and  incombustible 
wick,  we  have  the  object  accomplished;  for  the 
annantlnis  supplies  us  witli  such  a  wick,  since  it  is 
incombustible,  and  since  the  trials  made  of  it 
have  been  attended  with  success.-  Father  Kircher 
assures  us,  that  he  had  a  lamp  with  a  wick  of 
t})is  kind,  which  answered  exceedingly  M'ell. 

We  will  not  deny  that  it  is  possible,  by  means 
of  the  amianthus,  to  make  a  M'ick,  which  will 
last  for  a  very  long  time  ;  but  we  will  assert  tliat 


tAMPS.  511 

« 

it  would  not  be  perpetual;  for  thongli  the  amian- 
thus is  boasted  of  as  being  incombustible,  this 
property  is  not  absolute.  *We  will  even  venture 
to  say^  that  the  amianthus  is  at  length  annihilated 
by  fire,  like  every  other  body.  It  is  true  that 
cloth  of  the  amianthus,  when  thrown  into  the 
fire,  is  taken  out  sound  and  entire,  but  not  ab^ 
solutely  so.  It  is  observed  that  it  loses  a  little 
of  its  weight  every  time  it  is  exposed  to  the  fire. 
It  would  therefore  be  at  length  destroyed,  and 
perhaps  in  the  course  of  a  very  short  time,  jiuch 
9s  a  lew  days,  if  it  were  only  m^de  red  hot  and 
suffered  to  cool,  or  if  it  were  left  all  that  time  in 
a  very  strong  tire.  Consequently  a  wick  ot 
amianthus  would,  at  the  end  of  a  certain  period, 
be  entirely  destroyed. 

Some  have  tried  to  make  wicks  of  bundles  of 
gold  threads,  exceedingly  fine.  This  perhaps 
would  be  the  means  of  obtaining  a  wick  almost 
perpetual  in  its  duration  ;  but  it  has  never  been 
possible  to  light  them  ;  and  even  if  this  could  be 
done,  another  inconvenience  would  prevent  tlveir 
being  of  any  juse:  the  gold  filaments^  would  be 
fused  by  the  flame,  and  consequently  would  be 
rendered  unfit  for  answering  the  intended  pur- 
pose, as  it  is  well  known,  that  if  a  piece  of  silver 
l^'ire  bê  presented  to  the  tlame  of  a  taper,  it  is 
instantly  fused,  and  the  case  would  be  the  same 
with  a  gold  wire,  for  it  is  moi:e fusible  than  silver. 

§  II.  hnpossibilUtf  of  procuriug  indestructible  ali" 
meut  y  Jor  the  perpetual  lavips.  Pretended  re* 
cipesfor  making  indestructible  oil. 

But  we  shall  even  suppose  a. wick  absolutely 
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unalterable  to  have  been  found,  and  that  it  does 
not  become  choaked  up  with  fuliginous  matter» 
from  the  combustible  substance  by  which  it  is  fed. 
This  however  would  be  only  a  small  part  of  what 
is  necessary  for  obtaining  a  perpetual  lamp. 
Some  kind  of  aliment,  which  shall  experience  no 
diminution,  or  which  having  served  to  maintain 
the  flame  without  experiencing  any  alteration^ 
may  return  by  a  perpetual  circulation  into  thé 
vessel  from  which  it  issued,  will  also  be  requisite. 
Is  all  this  possible? 

But  let  us  now  hear  the  alchemists,  or  the 
partisans  of  perpetual  lumps.  We  shall  be  en- 
tertained with  their  idea^  respecting  the  mannef 
ia  which  an  oil,  such  as  these  lamps  would  rc-» 
quire,  might  be  obtained. 

Some,  considering  that  the  amianthus  resists 
fife,  have  tried,  but  without  success,  to  extract 
an  oil  from  it. 

Others,  observing  that  gold  and  silver,  but 
particularly  the  former  of  thox  metals,  are  in- 
destructible by  fire,  conceived  an  i('ea  of  search- 
ing  in  them  tor  that  valuable  oil  which  would 
put  us  in  possession  of  perpetual  lamps.  This  is 
the  noble  secret  with  which  Liceti  pretends  that 
Olybius  was  ac(juainted  ;  but  the  nictals  are  as 
incapable  of  producing  oil  as  the  amianthus. 

It  may  however  be  said,  that  if  it  were  possible 
to  reduce  gold  to  a  liquid  state,  we  might  perhaps 
obtain  an  incombustible  oil,  as  gold  is  unalterable 
in  the  tire.  But  besides  the  impossibility  of  con- 
verting gold  into  a  liquid,  how  do  we  know  thai 
it  would  be  iutlammable  like  oil. 

The  abbot  Trithcuiius,  or  the  person  who  in 
his  name  has  written  a  great  many  falsehoods,, 
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Ereteftds  to  give  two  recipes  for  making  încom- 
ustible  oil.  We  shall  here  lay  one  of  them 
before  our  readers,  with  the  whole  process  for 
making  a  perpetual  lamp. 

Mix,   says  that  celebrated  visionary,  or  the 
person  who  speaks  in  his  name,  four  ounces  of 
sulphur  and  four  ounces  of  alum  ;  sublime  them, 
ana  convert  them  into  flowers.    Take  two  ounces 
and  a  half  of  these  flowers,  with  half  an  ounce  of 
borax  and  Venetian  crystal,  and  pulverise  the 
whole  in  a  glass  mortar.     Put  the  powdet  into  a 
phial,   and  having  poured  into  it  spirit  of  wine, 
four  times  rectified,  cause  it  to  digest.     Pour  off 
the  spirit  of  wine,  and  having  added  some  new, 
repeat  the  same  thing  three  or  four  times,   until 
the  sulphur  runs  without  smoke,  like  wax,  on 
hot  plates  of  brass.  You  must  then  prepare  a  pro- 
per wick,  which  may  be  done  in  the  following 
manner  :  Take  filaments  of  the  asbestos  stone, 
of  the  length  of  the  finger  ;  form  them  into  a 
packet  half  as  thick  as  the  finger,  and  tie  them 
with  a  white  silk  thread.      The  wick  being  thus 
made,  cover  it  with  the  sulphur  prepared  as  be- 
fore described,  and  immerse  it  in  the  sulphur,  in 
a  vessel  of  Venetian  glass.     Place  the  whole 
upon  a  sand  bath  for  twenty-four  hours,  so  that 
you  may  always  see  the  sulphur  boil  ;  and  the 
wick  being  by  these  means  well  penetrated  and 
impregnated  with  that  aliment,  put  it  into  a  small 
glass  vessel  with   a  wide  mouth.     The  match 
must  rise  a  little  above  it.     Then  fill  this  glîiss 
vessel  with  the  prepared  sulphur,  and  place  the 
vessel  in  warm  sand,  that  the  sulphur  may  melt 
-and  surround  the  wick.     If  it  be  then  kindled, 
it  will  bum  with  a  perpetual  flame. 

VOL,   IV.  M  M 


Such    is    the  lirst  kind  of  fire  of  the  abbot 

LTritlieiiiius.      A  vei'v  small  knowledge  of  che- 

^TTBÎstry  is  sufficient  to  shew  that  it  would  be  ridi- 

^■^culous  to  expect  from  tills  process  inextinguish- 

abk-  and  perpetual  fire.     None  therefore  of  the 

partisans  of  pcr|>etiiat  lamps,    not    even  Liceti 

hiniscU^  have  any  confidence  in  it,  nor  yet  in 

the  second,  from  which  Liceti  concludes  that 

cone  of  the  modems  possess,  or  ever  possessed, 

thi^  valuable  secret. 

•Some  alchemists  assert  tliat  an  incombustible 
oil  may  be  obtained  by  another  process.  Tixey 
pretend  that  oil  of  vitriol  edulcorated  on  gol<^ 
which  they  call  oleum  vitrloU  aurijicatum,  will 
give  this  valuable  liquor.  But  it  is  well  knoMii 
that  the  appellation  of  oil  is  here  improperly  ap- 
plied ;  for  what  is  called  oil  of  vitriol,  lias  in 
reality  nothing  of  an  oily  or  inflaoiniable  nature  ; 
and  we  shall  believe  in  perpetual  lamps  when  an 
alchemist  shall  shew  us  a  common  lamp  filled 
with  oil  of  vitriol  and  furnished  with  any  wick 
whatever,  in  which  the  flame  shall  exist  only- 
one  second. 

4  III.  Imposiibility  of  continually  maintaining  Ji re 
in  a  place  absolutely  dote* 

It  is  a  fact,  well  known  to  all  those  who  culti- 
vzXe  natural  philosophy,  that  flame  cannot  be 
^maintained  in  a  close  place.  If  a  lighted  taper 
be  placed  under  a  glass  receiver,  no  as  to 
prevent  its  having  communication  with  the  ex- 
ternal air,  the  flame  will  gradually  decrease  in 
size,  become  faint,  extend  itself  in  length,  and 
at  last  be  extinguished.    Dr.  Hales  and  othera 
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have  even  calculated  what  quantity  of  aîr  is  con^ 
sumed  in  a  certain  time  by  the  combustion  of  a 
taper  of  certain  dimensions  ;  50  that  we  may  easily 
predict  in  what  time  the  tlame  will  infallibly  be 
extinguished: 

A  flame  however  might  perhaps  be  maintained 
in  a  large  place,  though  hermetically  sealed  ;  but 
it  is  well  known  that  the  cavities  of  the  ancient 
tombs  were  exceedingly  small  ;  and  to  increase 
ïhe  difficulty,  it  is  said  that  the  perpetual  lamps 
burnt  in  the  vessels  in  which  they  were  inclosed. 
Such  at  least  was  the  case  with  that  of  Olybius  ; 
but  if  the  vessel  of  Olybius  had  been  three  feet 
in  diameter,  which  by  no  means  appears,  it  is 
certain  tlvat  a  lamp  could  not  have  existed  in  it 
two  hours,  without  being  extinguished. 

We  shall  no|:  enlarge  ifarther  on  this  subject,  as 
it  would  be  wasting  time  to  accumulate  argu- 
ments to  combat  the  chimera  of  perpetual  lamps; 
and  we  have  reason  to  think  that  every  enlight- 
ened philosopher,  at  present,  will  be  ot*  the  same 
opinion. 

REMARK. 

Notwithstanding  these  reasons,  which  are  cer- 
tainly deduced  from  the  principles  of  sound  phi- 
losophy, we  have  seen,  in  some  journal,  that  a 
Neapolitan  prince  was  in  possession  of  the  secret 
of  perpetual  lamps.  But  as  several  years  have 
elapsed  since  this  circumstance  was  announced, 
and  as  the  secret  has  not  yet  been  divulged, 
there  is  reason  to  think  that  the  information  was 
premature.  It  is  no  new  thing  to  see  chemistSt 
employed  in  researches  respcctii]^  the  philoso- 
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il6  ^  *  nnKtwAh.fJMn. 

,fibcr>8MM^  antiou^  before  44cs 

Apmljoii  w  iGbiilicd.  Sqcm  OHsn  in  coiitequcance 
«CtbcgoodcolcmrcftlheitP  matter,  like  ttetde^ 
tprikolty  Philidet^  nid  the  lewtted  Monea^ 

'  hftvé  gone  so  far  as  to  purchase  esUitca  for  a 

.  %fgb:siite  of  mwie^^  ^  .«9ut  «nfortunAtelv,  tvtry 
ilbui^'19  still  ddBeient^ .  ami  thb  good  aldiemiflt 
dies  in.  the  ho^ta!»  furotesting  that  nothing  vas 
iraatinff  to  his  matter,  but  an  imperontibTe  de- 
gree or  GDQtioni  to  rrendfSr  htm  'tnc  richest  mate 

*^the.eaFtk  ' 


.  ^In^rcgan^  tq  the  perj^etaial  lamp  of  Naples»  v« 
.fball  efaanse  our  opinion  when  we  lesta* r with 
.Certainty  Uiat  it  has  been  tried,  and  that  it  haa 
burnt  only  one  year.    . 
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